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HATCH EXPERIMENT STATION
OF TUE
MASSACHUSETTS AGRICULTURAL COLLEGE,
AMHERST, MASS.
By act of the General Court, the Hatch Experiment
Station and the State Experiment Station have been consoli-
dated, under the name of the Hatch Experiment Station of
the Massachusetts Agricultural College. Several new divi-
sions have been created and the scope of others has been
enlarged. To the horticultural has been added the duty of
testing varieties of vegetables and seeds. The chemical has
been divided, and a new division, " Foods and Feeding," has
been established. The botanical, including plant physiology
and disease, has been restored after temporary suspension.
The officers are :—
Henry H. Goodell, LL.D.,
William P. Brooks, B.Sc,
George E. Stone, Ph.D., .
Charles A. Goessmann, Ph.D., LLI).,
Joseph B. Lindsey, Ph.D.,
Charles H. Fernald, Ph.D., .
Samuel T. Maynard, B.Sc,
Leonard Metcalf, B.S., .
Henry M. Thomson, B.Sc,
Ralph E. Smith, B.Sc, .
Hkmu D. Haskins, B.Sc,
Rohert H. Smith, B.Sc, .
Edward B. Holland, B.Sc, .
Robert A. Cooley, B.Sc,
Josp.ph H. Putnam, B.Sc,
Benjamin K. Jones, B.Sc,
Director.
Agriculturist.
Botanist.
Chemist (fertilizers).
Chemist (foods and feeding).
Entomologist.
Horticulturist.
Meteorologist.
Assistant Agriculturist.
Assistant Botanist.
Assistant Chemist (fertilizers).
Assistant Chemist (fertilizers).
Assistant Chemist (foods and feeding).
Assistant Entomologist.
Assistant Horticulturist.
Assistant in Foods and Feeding.
The co-operation and assistance of farmers, fruit growers,
horticulturists and all interested, directly or indirectly, in
agriculture, are earnestly requested. Communications may
be addressed to the ''Hatch Experiment Station, Amherst,
Mass *
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Bulletins issued, 1887-97.
No. 1. Protection of peach buds; effect of girdling; jumping
sumac beetle.
No. 2. Grape-vine leaf hoppers; ants; poisonous doses of in-
secticides, and treatment; report on standard varie-
ties of fruit.
No. 3. Bovine tuberculosis.
No. 4. Steam heat v. hot water for heating greenhouses; evap-
orated sulphur as an insecticide ; plant diseases.
No. 5. Buffalo carpet beetle ; larder beetle ; clothes moth.
No. 6. Steam v. hot water; fungous diseases of plants.
No. 7. Tests of small fruits and vegetables ; girdling; protec-
tion of fruit trees from animals; Japanese millets
and beans ; the gypsy moth.
No. 8. Steam v. hot water; peach yellows; danger from the
use of milk coming from tuberculous cows.
No. 9. Soil tests.
No. 10. Special fertilizers for greenhouse crops; report on small
fruits.
No. 11. Strength of rennet; hay caps; potato rot; fungicides
and insecticides for fruit.
No. 12. Bud moth; spittle insects; squash bug; pea and bean
weevil; May beetle; curculio; onion maggot; cab-
bage butterfly; tent caterpillar; forest tent cater-
pillar; stalk borer; pyramidal grape-vine caterpillar
;
grape-berry moth
;
codling moth
;
cabbage-leaf miner
gartered plume moth.
No. 13. Directions for using fungicides and insecticides.
No. 14. Fertilizers for corn.
No. 15. Over-bench v. under-bench heating; special fertilizers
for plants under glass ; varieties of strawberries,
blackberries, raspberries.
No. 10. Summary of results in electro-culture.
No. 17. Fungicides and insecticides; varieties of grapes and
peaches
;
protection of peacli buds
;
copper on
sprayed fruit ; Siberian crab as a stock
;
girdling
grape vines; spraying apparatus.
No. 18. Fertilizers for potatoes, oats and corn; muriate of pot-
ash ; corn and millet as grain crops ; report on oats,
hemp, flax, English wheats, Japanese millets and
beans.
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No. 19. Gypsy moth; effect of Paris green on foliage ; Barnard's
insect trap ; lice and spiders on rose bushes ; kero-
sene emulsion ; effects of Paris green on tent cater-
pillars
;
cranberry insects.
No. 20. Canker worms; tent caterpillar; fall web worm; tus-
sock moths.
No. 21. Bordeaux mixture ; ammoniacal carbonate of ammonia;
copper sulphate ; fruits.
No. 22. Small fruits.
No. 23. Electro-culture.
No. 24. Arsenate of lead; Paris green and lime; Jamestown
weed; horn fly.
No. 25. Fungicides and insecticides
;
grape tests.
No. 26. Strawberries
;
blackberries; raspberries.
No. 27. Tuberculosis in college herd; tuberculin in diagnosis;
bovine rabies
;
poisoning by nitrate of soda.
No. 28. Canker, army and corn worms
;
red-humped apple-tree
caterpillar
;
antiopa butterfly ; currant stem girdler ;
imported elm-bark louse
;
greenhouse orthezia.
No. 29. Fungicides and insecticides; new spraying pump
;
spray-
ing calendar.
No. 30. Fertilizer analyses.
No. 31. Fertilizer analyses.
No. 32. Fertilizer analyses.
No. 33. Glossary of fodder terms.
No. 34.. Fertilizer analyses; analyses of manurial substances.
No. 35. Agricultural value of bone meal.
No. 36. Imported elm-leaf beetle; maple pseudococcus ; abbot
sphinx; San Jose" scale.
No. 37. Report on fruits, insecticides and fungicides.
No. 38. Fertilizer analyses
;
composition of Paris green ; action
of muriate of potash on the lime resources of the soil.
No. 39. Economic feeding of milch cows.
No. 40. Fertilizer analyses.
No. 41. On the use of tuberculin (translated from Dr. Bang).
No. 42. Fertilizer analyses; fertilizer laws.
No. 43. Effects of electricity on germination of seeds.
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Special Bulletins.
Index, 1888 to 1895.
Gypsy moth.
The most profitable use of commercial fertilizers (translated from
Paul Wagner)
.
The true value of green manuring (translated from Julius Kuehn).
Of the above bulletins, the edition of No. 2 is entirely ex-
hausted; Nos. 1, 3-24 inclusive, 26, 30-32 inclusive and 34
are nearly exhausted, a few copies of each remaining, which
can only be supplied to complete sets for libraries ; Nos. 25,
27-29 inclusive, 33, 35-43 inclusive, and the index number
are still in stock.
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ANNUAL EEPORT
Of George F. Mills, Treasurer pro tern., of the Hatch Experi-
ment Station of Massachusetts Agricultural College,
For the Year ending June 30, 1896.
Cash received from United States treasurer,
Cash paid for salaries, .....
for labor,
for publications, .
.
for postage and stationery, .
for freight and express,
for heat, light and water,
for seeds, plants and sundry supplies,
for fertilizers, ....
for feeding stufts, ....
for library,
for tools, implements and machinery,
for furniture and fixtures,
for scientific apparatus,
for travelling expenses,
for contingent expenses,
for building and repairs,
$15,000 00
$5,218 50
3,541 94
2,816 86
284 66
185 60
110 15
572 98
96 88
291 51
686 83
326 63
70 47
96 00
92 31
155 11
4.53 57
$15,000 00
On hand July 1, 1895 : —
Received from Dr. Goessmann,
from State treasurer,
from fertilizer fees,
from farm products,
from miscellaneous,
$1,704 37
10,000 00
3,627 17
1,204 46
733 64
$17,269 64
Cash paid for salaries, .
for labor,
for publications, .
for postage and stationery
for freight and express,
Amounts carried forward,
19,502 66
434 02
115 37
186 64
127 77
$10,866 46 $17,269 64
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Amounts brought forward, $10,366 46
Cash paid for heat, light and water, 287 31
for chemical supplies, . 901 98
for seeds, plants and sundry supplies, 475 34
for fertilizers, .... 825 01
for feeding stuffs, .... . 484 58
for library, 332 86
for tools, implements and machinery, 15 15
for furniture and fixtures, 311 98
for scientific apparatus, 15 50
for live stock, .... 365 00
for travelling expenses, 17 19
for contingent expenses, . 491 66
for building and repairs, . 1,336 70
. 1,042 92
Amherst, Mass., Aug. 31, 1896.
I, Charles A. Gleason, duly appointed auditor of the corporation, do hereby certify
that I have examined the books and accounts of the Hatch Experiment Station of
the Massachusetts Agricultural College for the fiscal year ending June 30, 1896;
that I have found the books well kept and the accounts correctly classified as above,
and that the receipts for the year are shown to be $32,269.64 and the corresponding
disbursements $31,226.72 All the proper vouchers are on file, and have been by
me examined and found to l>e correct, there being a balance of $1,042.92 on accounts
of the fiscal vear ending June 30, 1896.
CHARLES A. GLEASON,
Auditor.
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REPORT OF THE AGRICULTURIST.
WILLIAM P. BROOKS.
Leading Results and Conclusions based upon
the Experiments outlined in the Report
or the Agriculturist.
Cabbages and Swedes.
1. Soil-test work indicates that fertilizers for these crops
should be particular^ rich in available phosphoric acid and
potash.
2. The muriate of potash has been found a useful form in
which to supply the potash.
3. The material used to supply phosphoric acid in our
experiment was dissolved bone-black, but it is believed that
other available phosphoric acid fertilizers will be found
equally serviceable.
Soy Beans.
1. Soil-test work shows a very intimate connection be-
tween potash supply and the growth of this crop.
2. The form in which potash has been supplied in soil
testa is the muriate, but other experiments indicate that the
sulphate is superior to this salt for beans.
Corn.
Soil Test with Corn. — A carefully conducted soil test
with corn in Norwell, Plymouth County, upon somewhat
exhausted soil, previously for many years in grass, shows
potash to be here the controlling element for this crop, as
in so many other places.
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Hill v. Drill Culture of Corn. — Experiments continued
in different fields from five to six years indicate that corn
planted in drills will usually produce larger crops than when
planted in hills. This increase is most marked, as might he
expected, in case of the stover, but applies to the grain as
well.
Green Manuring in Continuous Corn Culture.
1. White mustard, sown in standing corn at the time
of the last cultivation, helps to keep down weeds, furnishes
useful pasturage for sheep or young stock, conserves soil
nitrogen, does not decrease the yield of corn the year it
is sown, and can be counted upon to improve the soil if
turned under. It also helps largely to prevent soil washing
in winter.
2. Crimson and sweet clovers have not proved to be suited
for green manuring crops in continuous corn culture, since
they are not sufficiently hardy.
Variety Tests.
Potatoes.
1. Of 60 varieties of potatoes cultivated, but 5 showed
themselves to be in any marked degree superior as crop pro-
ducers to the Early Rose and Beauty of Hebron.
2. These, with rates of yield per acre in bushels, are as
follows: Carman No. 1, merchantable, 355.3 ; small, 2<S.t>.
Fillbasket, merchantable, 336 ; small, 24.5. New Satisfac-
tion, merchantable, 306; small, 25.7. Early Maine, mer-
chantable, 305.1
;
small, 35.6. Dutton's Seedling, merchant-
able, 304.5 ; small, 19.8.
3. The Early Rose yielded: merchantable, 292.8; small,
21 bushels. The Beauty of Hebron (somewhat injured by
proximity to other crops), merchantable, 275.9 ; small, is.
7
bushels.
4. The varieties tested showed no very marked differ-
ences in respect to ability to resist blight.
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Corn.
1. Of 21 varieties of Flint corn cultivated, 7, or 33J
percent., aave a yield at the rate of 83j bushels per acre
or over.
2. Of 46 varieties of Dent corn, 13, or 28 per cent.,
equalled or exceeded the same rate of production.
3. Anions the best of the Flint varieties are the White
Flint,* Sanford,* Compton's Early, Giant Long White and
Longfellow.
4. Among the best Dent varieties as indicated by our
trial are Yellow Rose, Mastodon, Reed's Yellow Dent, New
Golden Triumph and Learning ; but Sibley's Pride of the
North, though standing ninth in weight of ears produced,
matured among the earliest, and is undoubtedly one of the
best Dent varieties for grain production.
Clovers.
1. Crimson clover can be grown as an annual, and gives
one good crop ; but it will not usually survive our winters,
and does not, therefore, at present appear to be worthy of
attention as a fodder crop.
2. The mammoth clover exceeds the common red in pro-
ductive capacity, having produced more hay in two cuttings
than the common red in three. It is especially to be com-
mended for sowing with timothy.
3. Alsike clover appears not to be as long lived as the
mammoth and the common red.
Millets.
1. For seed production the Japanese "barn-yard" and
the Japanese "common" again show their superiority, pro-
ducing respectively 57 and 53.3 bushels per acre.
'2. As a result of a careful comparison of 17 varieties,
the Japanese white-seeded panicle millet and the Japanese
Barn-yard millet are found to lead all other varieties in pro-
ductive capacity.
These two are apparently nearly or quite identical.
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New Crops.
TJie flat pea ( Lathyrus sylvestris) has not been found to
I
be of value as a fodder crop.
The horse bean ( Vicia faba) has not been found to dol
well.
Sorghum of different varieties appears inferior to Indian!
corn as a fodder crop.
Saccaline is found not to be hardy and will probably notl
prove of value as a fodder crop.
Miscellaneous.
Fungiroid has not been found effective in preventing I
potato blight.
Sulphur applied in the drill did not prevent scab <m\
potatoes.
TJie Symines' hay cap is preferred to cloth caps.
Soil Tests.
Soil tests, upon the plan outlined in previous reports,
have been carried on upon a somewhat less extensive scale.
We have had four such experiments this year: one wii
soy beans and one with turnips and cabbages upon oui
own grounds ; and one in Montague and another in Norwell
with corn. Circumstances compelled the cessation of th(
work in Concord, "Worcester and Shelburne, and it was nol
considered important to continue it longer in Hadley, as thi
town lies so near Amherst, and as the soil upon which w<
were working gave results so entirely similar to those ob
tained upon our own. The main conclusions justified bj
the results of the past season are as follows :—
1. Potash is the controlling element in the case of tJu
corn crop in Norwell.
2. Nitrogen appears to have been the most useful elejl
ment for the corn crop in Montague ; but the results anil
obscured in a measure by differences in natural fertility h II
different parts of the Held.
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3. A combination of potash and phosphoric acid ap-
pears to be necessary to materially increase either the
cabbage or the turnip crops in Amherst.
4. Potash proves much the most useful single element
for the soy-bean crop in Amherst.
1. Soil Tests with Corn.
In Montague the experiment was carried out upon land
belonging to Mr. H. M. Lyman, and is the first year this
land has been used in such work. The field selected is
level, and it was thought it would be suited for the pur-
pose, though it had been more recently manured than we
would have liked. The results show that it was not as
even in fertility as is desirable. The yields of the five
m attered nothing plats were respectively at the rates of
12, 10.5, 19, 32 and 19.9 bushels per acre. Under such
eo editions, we are not justified in attempting to draw gen-
eral conclusions. The nitrate of soda appears to have
produced an average increase at the rate of : grain, 11
bushels; stover, 158.5 pounds per acre. The average ef-
fect of the phosphate appears to have been a decrease in
both grain and stover, while the potash appears to have
increased the stover slightly but not the grain.
J/i Nbrwell the experiment was carried out upon land
belonging to the writer, and is the first year this land has
been used in such work. The field was in grass in 1895,
and is in rather a low state of fertility. Throughout the
season potash seemed to be the controlling element. At
the time of harvesting, plat 5, receiving muriate of potash
alone at the rate of 160 pounds per acre, appeared to be
as heavy as either plats 10 or 13, receiving respectively
complete fertilizer and stable manure. Owing to a slight
accident at the time of harvesting, figures cannot be pub-
lished at this time.
2. Soil Test with Cabbages.
This test occupied one-half of the land which has been
designated the "north acre" in previous reports, the other
half being occupied with Swedish turnips. The acre was
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divided by a line running through the middle across the
plats, the one end being devoted to cabbages, the other
to turnips.
This acre had been for five years devoted to soil-test
work, the crops in order of succession having been corn,
potatoes, soy beans, grass and clover, and grass and
clover. During this time the nothing plats have received]
no manure or fertilizer of any kind. The variety of
cabbages raised was Fottler's Drumhead. The seed was
planted in the field. The average yield of the nothing
plats was at the rate of 2,470 pounds of hard and 7,190
pounds of soft cabbages per acre.
The average result of the application of phosphoric acid
was an increase at the rate per acre: hard heads, 9,557.5
pounds; soft heads, 1,912.5 pounds,— a profit from the
use of phosphate amounting to $2.*>.0S per acre. The use
of the phosphate without potash, however, had practically
no effect upon the crop.
The average increase apparently due to the potash is
at the rale per acre: hard heads, L0, 147. 5 pounds; while
there is an average decrease in soft heads at the rate of
527.5 pounds per acre. The net average result of the
use of potash is profit at the rate of $21.51 per acre.
The potash, even without the phosphoric acid, produces
a considerable increase, but produces two and one-half
times as great an increase in combination with a phos-
phate.
The nitrogen is much less useful. The average is at the
rnte of 2,627.5 pounds increase in hard heads and 402.5!
pounds decrease in soft heads, per acre. It produces the
largest increase when used with phosphate. The net re-
sult of the use of nitrate of soda is a gain at the rate
of $6.07 per acre.
The results are not as clear in their indications as could
be wished, though they point to a close dependence of this
crop upon both potash and phosphoric acid manuring. The
experiment will be repeated when opportunity offers.
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3. Soil Test with Swedish Turnips.
This crop, as stated above, occupied one-half of the acre
on which the test with cabbages was carried out. The
variety was Laing's Swedish turnip, sown June 13. The
results show a close agreement with those obtained with
the cabbages. The average of the nothing plats was at the
rate of 10,250 pounds per acre.
The average result of the use of phosphoric acid (dis-
solved bone-black) was an increase at the rate of 6,308.5
pounds per acre. Similar averages for the potash (rnuri-
ite ) and nitrogen (nitrate of soda) were, respectively, 7,255
md 2,891.7 pounds. The net average profits are at the
rates per acre : for the phosphoric acid, $9.42 ; for the pot-
ish. $11.35 ; and for the nitrate, $2.58.
Here, as with the cabbages, the combination of phosphoric
icid and potash seems essential to large increase in the crop.
The phosphoric acid without potash gives no increase ; with
>ot ash alone, an increase at the rate of 11,700 pounds per
li re. The potash alone gives an increase of but 400 pounds
>er acre, but with the phosphate it gives an increase of
3,633 pounds per acre.
The combination of phosphate and potash gives an in-
crease at the rate of 12,100 pounds per acre, as compared
rith the nothing plats nearest to the one on which it was
Lsed.
/. Soil Test with Soy Beans, Amherst^ South Acre.
This is the eighth season of soil-test work upon this acre,
lie beans, variety Medium Green, were sown May 19, in
rills 2\ feet apart, requiring 25 pounds seed for the acre,
he nothing plats produced an average of 350 pounds beans
iid 757 J pounds straw per acre.
Potash (muriate) appears to be the most useful element,
} living an average increase per acre of 646J pounds beans and
pounds straw. The average increase per acre caused
y phosphoric acid (dissolved bone-black) was 126| pounds
i :3ans and 250 pounds straw. Similar average for nitrogen
litrate of soda) was 13 £ pounds beans and 116| pounds
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straw. Nitrogen produced a decrease, except when used
with both phosphoric acid and potash.
In appearance the beans grown upon potash were larger
and plumper than those grown upon either phosphoric acid
or nitrogen.
Manuring the Corn Crop.
1. Manure alone v. Manure and Potash.
The past is the sixth year of continuous culture of corn
upon the same acre of land for the purpose of testing the
relative value of an application yearly of a small quantity of
manure with muriate of potash, as compared with a larger
application of manure alone. When manure alone was
applied, it was put on at the rale of 6 cords per acre, being
spread broadcast after ploughing, and harrowed in. The
manure and potash similarly applied have been put on at
the rate of 4 cords of the former and 160 pounds of muriate
of potash for the Latter.
The plats, four in number, contain one-quarter of an acre
each. The results are shown below :—
Plat 1, manure, 8,115 pounds: stover, 1,600 pounds; ear corn,
1,530 pounds.
Plat 2, manure, 5,354 pounds; muriate of potash, 40 pounds:
stover, 1,300 pounds; ear corn, 1,455 pounds.
Plat 3, manure, 8,981 pounds: stover, 1,255 pounds; ear corn,
1,450 pounds.
Plat 4, manure, 5,711 pounds; muriate of potash, 40 pounds:
stover, 970 pounds; ear corn, 1,120 pounds.
In plats 3 and 4 the corn was planted in hills, while in 1
and 2 it was planted in drills. This no doubt accounts in a
measure for the considerable difference in yield. The in-
feriority of the crop from plat 4 is due to the fact that,
from force of circumstances, poorer manure was used upon I
it in 1895 than upon the other plats.
Averaging the results upon 1 and 3 and upon 2 and 4, we
find the yields have been at the following rates per acre :—]
With manure alone: stover, 5,710 pounds; grain, 73J bushels.
With manure and potash : stover, 4,540 pounds
;
grain, 64| bushels-
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In no one of the six years during which this experiment
has been continued has the crop raised on the combination
of manure with potash equalled that raised on a Larger
quantity of manure alone; but the differences have been
small, and in no case has the value of the excess in crop
produced by the larger quantity of manure been sufficient
to cover the excess in cost of the manure applied. The
difference in crop is this year considerably larger than in
any preceding year
;
and, as this difference has been quite
steadily increasing, we are justified in concluding that the
manure and potash in the quantities employed cannot fully
take the place of the larger application of manure in con-
tinuous corn culture. It is true the crop where the manure
and potash are employed is still an excellent one, averaging
for the t wo plats at the rate of more than 63 bushels per
acre. Continuous corn culture is not, however, the rule,
nor indeed under most circumstances advisable, though
often proved to be possible, at least for many years ; and
therefore this land has now been seeded to grass and clover,
for the purpose of determining to what extent, if any, the
introduction of these crops will enable the farmer under the
i:iven manuring to secure equal crops with both systems.
2. Special Com Fertilizer v. Fertilizer containing More
Potash.
This experiment in continuous corn culture was begun in
1891, and the present is, therefore, the sixth season. The
object in view is a comparison of the results obtained with a
fertilizer proportioned like the average of the " special" corn
fertilizers found upon our markets in 1891 with those ob-
tained with a fertilizer richer in potash but furnishing less
nitrogen and phosphoric acid. The results in previous years
have indicated the financial advantage to lie with the latter
fertilizer.
Four plats of one-fourth of an acre each are devoted to
this experiment, which are respectively numbered 1, 2, 3
and 4.
The materials applied to the several plats are shown
below :—
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FERTILIZERS.
Plata 1 and 3
(Pounds Each).
Plats 2 and 4
(Pounds l£&ch)»
Nitrate of soda, ...... 18
Dried blood, 30 30
Dry ground fish, 30 20
Plain superphosphate, 226 120
22.5 60
Cost of materials per plat, .... |3 23 $3 10
The materials supplied to plats 1 and 3 would furnish
per acre the quantities of nitrogen, phosphoric acid and
potash found in 1,200 pounds of fertilizer having the aver-
age composition of the " special " corn fertilizers upon the
market at the time the experiment was commenced, viz.,
1891. The average price per plat for 300 pounds of such
fertilizer (the amount needed per plat to equal the above
materials ) is about $5.25.
The yields the past year arc shown below : —
Plat 1, "special" fertilizer: stover, 935 pounds; ear corn, 1,110
pounds.
Plat 2, fertilizer richer in potash: stover, 995 pounds; ear corn,
1 ,080 pounds.
Plat 3, " special" fertilizer: stover, 790 pounds ; ear corn, 1,135
pounds.
Plat 4, fertilizer richer iu potash: stover, 865 pounds; ear corn,
1,065 pounds.
Computed to the acre and the grain in bushels, the
averages are : " special," stover, 3,450 pounds ; grain, 56.1
bushels; fertilizer richer in potash, stover, 3,720 pounds;
grain, 52.4 bushels. It will be noticed that the " special"
fertilizer gives rather more grain and less stover than the
fertilizer richer in potash. This result is in entire accord
with the results of previous years, and the indications are
strong, therefore, that our mixture " richer in potash " needs
modification to make it equal in grain-producing power to
the ' 4 special" fertilizer for continuous corn culture. It is
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si ill my belief, however, that under ordinary farm condi-
tions the "fertilizer richer inpotash" would be found equal
at least to the " special," for under such conditions grass
and clover would alternate with the corn; the clover, judg-
ing from facts almost universally noticed, would thrive
better where more potash had been used, and as a result
the soil would be enriched in nitrogen, which would be
favorable to the development of the succeeding corn crop.
In all of our " soil-test" work the nitrogen has ranked next
to the potash in benefit to this crop. With a view to test-
ing the correctness of this conclusion, the land used for this
experiment has now been seeded to grass and clover, and
after two or three years will again be planted with corn.
The average crop raised on the "special" fertilizer this
year is worth $0.83 more per acre than the average for the
fertilizer richer in potash ; the fertilizer materials used cost
J0.52 more. There is no material difference, therefore, in
the financial outcome of the two systems under the given
conditions
; but, as above pointed out, should the farmer
purchase a manufactured "special" corn fertilizer, it would
have cost him about $5.25 per plat, or $21 per acre, to pro-
line equal amounts of the essential elements of plant food.
Since the "fertilizer richer in potash" cost $3.10 per plat, or
$12.40 per acre, while the crop was practically almost as
valuable as that produced on the " special," it follows that
here is a possible saving of almost $8 per acre in initial
expenditure. It is true that the materials recommended
require mixing, while the "special" fertilizer is already
mixed. It is not true that the elements of plant food in
the " special" are in better forms, or more available. In
conclusion, however, it is but fair to state that the prices
used in calculating the cost of the "materials" are cash
prices, while the price of the " special" is determined in a
measure by the fact that credit must often be given for
such goods.
Jlill v. Drill Culture for Cor)).
In each of the two experiments above described one-half
of each acre has each year been planted in drills and the
other half in hills. Plats 1 and 2 in each case have been
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planted in drills, and plats 3 and 4 in hills. The distance
between the rows under both systems has been 3£ feet.
Under the "drill" system, the plants have been thinned to
1 foot; under the "hill" system, the hills are 3 feet apart
and the plants arc thinned to three in a hill. AW thus have
equal numbers of plants under the two systems. The re-
sults the past year average as follows : for the acre receiving
manure, drill culture, at rate per acre, stover, 5,800 pounds ;
grain, 74| bushels; hill culture, at rate per acre, stover,
4,450 pounds; grain, 63 bushels; for the acre receiving
fertilizer similar averages are, drill culture, stover, 3,630
pounds; grain, 5;>J bushels; hill culture, stover, 3,540
pounds; grain, 54| bushels. Averaging both experiments,
we have, for drill culture, stover, 4,715 pounds ; grain, 64J
bushels; for hill culture, stover, 3,995 pounds; grain, 58.-I
bushels.
Green Manuring in Continuous Corn Culture.
Wliite mustard as a crop for green manuring and nitrogen
conservation was sown on one-half the acre where manure
alone has been under comparison with manure and potash
in each of the years from 1892 to 1894 inclusive, the seed
being scattered in the standing corn late in July in each
year. The growth varied greatly from year to year, hut the
practice proved beneficial. In 1895 the increase in the corn
crop apparently due to the culture of the mustard amounted
to : stover, 452 pounds ; grain, 5.4 bushels. In July, L895,
the mustard was sown only on one-quarter of the acre, and,
because of a very dry and hot autumn, the growth was
light. The crop on this quarter this year shows an increase
as compared with the quarter not so treated of : stover, 680
pounds; grain, 3 bushels, per acre.
The other plat, which had been sown with mustard in
preceding years, was in 1895 sown with rye on September
5, at the rate of 3 bushels per acre. The growth was good,
and the rye, when ploughed in on May 11, was 18 inches
tall. The apparent result of this treatment is a decrease
in crop at the rate per acre : stover, 700 pounds ; grain, 4|
bushels. It seems impossible to believe that the effect of
this treatment can be permanently injurious. The decrease
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in yield this year may be due to the fact that considerable
available plant food which was locked up in the rye has not
yei by the decay of the vegetable matter of this crop be-
come again available. If this be the true explanation, then
in the next year the beneficial effect of the green manuring
should become apparent.
On the acre where " special" com fertilizer has been
under comparison with fertilizer richer in jiotash some crop
of the clover family has been sown in the standing corn each
\ ear since 1893 ; but the crops themselves have been under
trial, and have not shown themselves fitted for the purpose
in view. Thus, in 1893 and 1894 crimson clover was tried,
but each following spring the crop was killed and the results
were unimportant. In July, 1895, sweet clover (Melilotus
alba) was sown upon one quarter and common red clover
upon another. The sweet clover was badly thrown out by
the frost, and hardly a plant survived ; while the red clover
starts too late in spring to have made much growth before
it must be turned in. The results are unimportant in both
cases, though the crop this year is somewhat greater where
tlx' red clover was sown, viz., at the rate of 55.25 bushels
per acre, against 52.75 bushels where no clover was sown.
Variety Tests.
1. Potatoes.
Tn the spring of 1895 we procured as far as possible seed
of all prominent and new varieties of potatoes, necessarily
from widely scattered and very different sources. This seed
was planted for the purpose of raising under like conditions
a stock of the different sorts, which, having been produced
under identical conditions and in every respect handled
alike, it was thought would be suited for a comparative test
of varieties. Sixty varieties, the seed of which (in every
instance save one) was raised upon our own grounds last
season, have been made the subject of such a comparative
trial this year. The variety the seed of which was from
another source is Carman Xo. 1. Our seed of this sort
raised last year was accidentally destroyed, and, as the
variety is a prominent one, it was thought best to pro-
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cure enough for this trial from a prominent grower in this
State, Dr. Jabez Fisher of Fitchburg. Of most varieties
we planted 2 rows, each 209 feet long ; hut in some cases,
where the seed was insufficient, only 1 row was planted.
The seed was washed and treated with a solution (2
ounces to 15 gallons of water) of corrosive sublimate on
April 13. The tubers were then placed on the earth in
a cold frame without glass, where they were allowed to
remain until May 1, when they were cut into pieces hav-
ing two eyes each, and of as nearly equal size as possible.
At this time the tubers had sent out numerous thick green
sprouts, which were perhaps about one-eighth to one-fourth
of an inch in length. The tubers when cut were rolled in
plaster. They were planted on May 5 and 6, the pieces
being placed just 1 foot apart in the rows. In those cases
where the supply of seed was insufficient to plant a full
row, the row was filled out with seed of the Beauty of
Hebron, that then 1 might be no vacancies.
The treatment of the seed with corrosive sublimate solu-
tion entirely prevented seal), and the system followed in
sprouting the tubers was eminently satisfactory. It should
perhaps be stated that when the sun shone hot the tubers
were covered with a sheet of thin white cotton cloth. But
for this protection it is to be feared that in a cold frame
they might get overheated on excessively hot days.
The land where the test was made was last year in mil-
let and soy beans, the rows this year running across the
divisions of last season, so that each row of this year is ex-
act ly comparable with every other. The soil is a medium
loam, well adapted to the potato. Fertilizers only were
applied, and at the following rates per acre: nitrate ot*
soda, 240 pounds ; dried blood, 100 pounds ; tankage, 240
pounds
;
plain superphosphate, 400 pounds, and high-grade
sulphate of potash, 250 pounds. These materials were
mixed and strewn in the furrows before the seed was
dropped. All needful operations were seasonably and
thoroughly carried out. The season was on the whole
favorable, so that the crop suffered from no unusual con-
ditions. Careful notes were taken throughout the season,
covering all peculiarities in growth and development, time
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of blossoming, etc. All varieties suffered somewhat from
early blight (Macrosporium solani). This was first dis-
covered on 1 variety on July 18. By the 22d it could
be detected on 2G other varieties, and by August 3 all
except 1 were affected. As early as August 8 the vines
of 17 varieties were entirely dead. Between the 8th and
20th the vines of 2(5 other varieties died, while by August
29 all were dead.
An attempt to prevent this blight by repeated applica-
tions of " Fungiroid " was an entire failure. It will be
noticed that considerable differences in degree, of suscep-
tibility to "blight" showed themselves. Until the varie-
ties have been further tested, however, it is not deemed
advisable to publish the details.
The crop was harvested in part on September 10-12, and
the balance September 24-25. There was no rot, and the
t nhers were for the most part smooth and handsome.
The yield has been in every case corrected to 207 hills or
sets, so that the results are strictly comparable. The area
occupied by this number of hills is almost exactly one-
Beventieth part of an acre ; so that, to bring out the signifi-
cance of the differences more clearly, I have multiplied the
results by seventy, and converted into bushels, thus showing
the rate per acre yielded by the different sorts.
The varieties are reported in alphabetical order, and for
aach the tubers are divided into the customary classes, viz.,
merchantable and small.
Varieties of Potatoes, Yield per Acre (Bushels).
N a m i :
.
Merchantable
Tubers.
Alexander's Prolific,
Alliance,
Beauty of Hebron,
Hill Nye,
Bliss's Triumph, .
Burbank's Seedling.
Burpee's Extra Early,
Carman No. 1
,
Carman No. 3,
Chance,
.
Small Tubers.
123.3 14.0
285.8 42.0
275.9 18.7
226.3 25.7
276.5 25.7
207.7 23.3
208.8 49.0
355.3 28.6
199.5 16.9
201.8 30.3
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Varieties of Potatoes, Yield per Acre (Bushels) — Concluded.
MerchantableNAME. Tubers. Small Tubers.
Clarke No. J, 255.5 26.8
Columbus, 265.4 33.3
Crown Jewel, .169.1 29.2
Dakota, Red, 283.5 28.0
Delaware, ....... 235.7 22.2
Dutton's Seedling, 304.5 19.8
Early Essex, 162.2 35.0
Early Harvest, 234.5 44.3
Early Maine, 305.1 35.6
Early Market, 229.9 28.6
Early May, 232.8 22.2
Early Northern, 266.0 42.0
Early Ohio, 159.8 17.5
Early Ohio, Jr., 232.8 25.1
Early Rose 292.8 21 .0
Early Sunrise, . . . . 268.3 32.7
Empire State, 271.3 1 ."» o12. 6
Fillbasket, . 336.0 24.5
Freeman's, 203.6 30.9
Hampden Beauty, 232.8 27.4
Hampden Chief, 187.8 4.7
Henderson's Early Puritan. .... 250.8 34.4
Irish Daisy, 172.1 59.1
Late Puritan 277.1 28.0
Maggie Murphy, 227.5 28.0
Merriman, 266.6 44.9
Monroe Co. Prize....... 240.3 31.5
Monroe Co. Seedling, 248.5 21.0
New Ideal, 204.2 8.2
New Queen, 255.5 49.2
New Satisfaction, 306.8 25.7
Onward, 200.7 26.3
Polaris, 149.3 31 .5
Pride of the West, 243.8 26.8
Quick Return, ...... 239.8 29.8
Restaurant 259.0 21.6
Rochester Rose 272.4 31.5
Rural New Yorker No. 2, .... 218.8 22.2
Sir William, 282.9 19.8
Six Weeks, 141.8 20.4
Snow Flake, 169.8 . 32.1
State of Maine, 252.6
'
34.4
Summit,. ....... Z-IO . O 98 6
Sunlit Star, 232.8 41.4
Thorbum 255.5 31.5
Vanguard, 255.5 30.9
White Elephant
White Star
295.8 23.9
235.1 28.0
Woodbury's White, 289.3 26.3
World's £air, 145.8 26.8
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A study of these figures reveals the fact thai there are
wide differences in yield; but it is noteworthy that the
yield of such old standard sorts as the Early Rose and
Beauty of Hebron stands far above the average. The yield
of the Early Eose is exceeded by but 6 varieties, viz.. Car-
man No. 1, Fillbasket, New Satisfaction, Early Maine, I hit-
ton's Seedling and White Elephant, named in the order of
superiority. In addition to these, 6 other varieties, viz.,
Woodbury's White, Alliance, Dakota Eed, Sir William,
Late Puritan and Bliss's Triumph slightly exceed the yield
of the Beauty of Hebron. In justice to this variety, it is
proper to state that it occupied an outside row adjoining
land planted to millet, rape and mustard, and was undoubt-
edly somewhat injured by its proximity to these, as their
growth was exceptionally rank. It may well be doubted
whether, under precisely equal conditions, the Beauty of
Hebron would have been exceeded in yield by a larger
number of varieties than was the Early Eose.
The varieties especially noteworthy for large yield in the
order of actual production of merchantable tubers, then,
with rates per acre in bushels, are the following: Carman
No. 1, 355.3; Fillbasket, 336; New Satisfaction, 306.8;
Early Maine, 305.1 ; Dutton's Seedling, 304.5 ; White Ele-
phant, 295.8
;
Early Eose, 292.8 ; Woodbury's White, 289.3 ;
Alliance, 285.8; Dakota Eed, 283.5; Sir William, 282.9;
Late Puritan, 277.1 ; Bliss's Triumph, 276.5; and Beauty
of Hebron, 275.9. These varieties will all be tested as to
eating and keeping qualities.
Seed of 21 other varieties has this season been procured
in small amounts from various sources, and the tubers pro-
duced from these will be preserved for comparison another
season. Ten of these have given a yield at the rat e of more
than 300 bushels of merchantable tubers per acre, and are
therefore very promising.
2. Com.
Sixty-seven varieties of field corn have been under trial
upon a small scale, for the purpose of preliminary obser-
vations as to merits and adaptability to different uses ; 21 of
these were Flint and 46 Dent varieties. Three rows (each
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75 feet long) of each variety, with one or two exceptions
where not sufficient seed could be obtained, were planted.
The trial has involved a large expenditure of time and atten-
tion. Notes have been taken from day to day, covering
such points as germination, dates of tasselling and silking,
height, relative leafiness, time of cutting, etc. The autumn
was exceptionally unfavorable to curing of the corn crop;
and hence, though an exact record of the weights of product
(sound hard ears, soft ears and stover) has been made, it is
of less value as a basis for comparative judgment than would
ordinarily be the case. Particularly is this true in relation
to the stover of the later Dent varieties.
The field used for this trial was in corn last year. The
soil is a medium heavy loam, and quite even in quality
throughout. A fertilizer supplying, per acre, n Urate of soda,
72 pounds; dined blood, 120 pounds ; dry ground fish, 80
pounds; plain superphosphates, 480 pounds; and muriate of
potash, 240 pounds, was applied broadcast after ploughing,
and harrowed in. The rows were uniformly spaced through-
out the field, viz., 3^ feet apart. The corn was so planted
in checks that when thinned it stood, single plants, at the
following intervals in the row : for all Flint varieties, 8
inches ; for the earlier Dents, 10 inches ; and for the later
Dents, 12 inches.
Without going into much detail, I have to report further
concerning this trial :—
1. That the following pairs of varieties appear to be
nearly if not quite identical :—
Champion White Pearl and White Pearl.
Buckbee's No. 7 and Colossal.
White Cap Dent and White Cap Yellow Dent.
Sanford and White Flint.
Rideout and Longfellow.
Dibble's Early Mammoth and Houghton's Silver White Flint.
2. The yield of ear corn all or nearly all of which was
sound and well cured varied : for the Flint varieties, be-
tween 79 and 130 pounds ; for the Dent varieties, between
78 and 144 pounds.
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3. Seven out of the 21 Flints gave a yield of 120 pounds*
or over; 13 of the 46 Dents gave a similar yield, but with
a larger proportion of imperfectly cured ears ; 33 per cent,
of the Flints and 28 per cent, of the Dents, therefore, come
into this class.
4. The yield of stover varied: for the Flint corns, be-
tween 104 and 245 pounds ; for the Dent corns, between 94
and 451 pounds. Some of the Dents giving high yields of
stover were far from perfectly cured.
5. The order of rank in yield of ears of the best 5 Flint
varieties was as follows: White Flint, Sanford, Compton's
Early, Giant Long White and Longfellow.
6. The best 5 Dent varieties in order of ear product ion
are: Yellow Rose, Mastodon, Eeed's Yellow Dent, New
Golden Triumph and Learning.
7. Sibley's Pride of the North, very thoroughly matured,
ranks ninth in production of ears, and is undoubtedly one
of the best Dent varieties for grain production.
8. The following varieties appear to be unsuited to our
locality, on account of being too late : Brazilian, Farmer's
Favorite, Queen of the Prairie, Golden Beauty, Golden
Dent, Legal Tender, Mammoth White Surprise and Dr.
Woodhull.
9. Three other varieties are certainly too late for culture
as grain crops, but appear to promise well for the silo, viz.,
New Golden Triumph, Hickory King and Mastodon.
3. Clovers.
Four varieties of clover have been given a thorough com-
parative trial, viz., mammoth (Trifolium medium), common
red ( T. praiense) , alsike (T. hybridum) and crimson (T.
incarnatum). The soil of Field B is a medium heavy loam,
but thoroughly drained. For some twelve years it has been
manured only with ground steamed bone and potash salts.
The plats are one-tenth of an acre each in size. Every plat
is manured yearly with ground bone, at the rate of 600
pounds to the acre ; one-half of these plats receive yearly an
* A yield of 120 pounds corresponds to a product of 83£ bushels shelled grain per
acre.
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application of muriate of potash at the rate of 200 pounds
per acre, and the other half receive the same quantity of
high-grade sulphate of potash. The land was occupied by
grain crops cut for fodder in 1895. Soon after the fodder
was removed the land was ploughed, and the seed was sown
on August 1. Of the mammoth and common red clovers,
3 pounds of seed per plat were sown ; of the alsike clover,
2o pounds ; and of the crimson clover, 4 pounds. The seed
of all varieties started promptly and well and all varieties
went into the winter in excellent condition.
The crimson clover early in March appeared to be in good
condition, but during the latter weeks of March it gradually
weakened and died. By the first of April there was scarcely
a plant in the field alive. This species appears unable to
endure our average spring weather. The crimson clover
plats were accordingly ploughed in April and resown, 5
J
pounds of seed per plat being used, on April 24. The seed
started quickly, and, as will be seen by the tables which fol-
low, this variety gave one good crop, at the rate of nearly
3 tons to the acre on the best plat. This clover was cut on
July 17, at which time it was in mid-bloom. Notwithstand-
ing frequent showers soon after, the stubble failed to start,
and in a few weeks was almost entirely dead, at which time
the plats were reploughed. It will undoubtedly be found
necessary to cut this variety just as it begins to bloom, in
order to insure later cuttings.
The very few plants in this field (as well as those from
another with lighter soil) which survived the early spring
weather were taken up and replanted, in order to secure
seed, in the hope that we ma}' in time by a continuance of
this process of selection produce a strain or variety of this
species which will prove hardy with us.
For culture as an annual it seems unlikely that crimson
clover will prove of much importance, as in that case it
would not give earlier fodder than the other clovers. Could
it be cultivated as a winter annual, on the contrary, it must
take an important place as a crop both for fodder and for
green manuring, — for fodder chiefly, because it would be
ready to cut at so early a date, and for green manuring,
since it grows so rapidly.
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Mammoth Clover.— This variety was cut on June 23, at
which time it was not in full bloom. It was thought best
to harvest, as it was lodging badly. On August 10 it was
cut for the second time. It did not make sufficient growth
thereafter to warrant cutting again. Though cut, therefore,
but twice, while the common red clover was cut three times,
the mammoth clover produced slightly more hay than the
former. The two crops make a yield at the rate of rather
more than 4J tons per acre. This hay is not objectionably
coarse, or, rather, not much more so than that of the com-
mon red variety. This mammoth clover, as will be seen by
reference to the table below showing composition of the
crops, is not inferior in nutritive value to the common.
The mammoth is to be especially recommended for sowing
in mixtures of which timothy is a prominent part, as it
matures more nearly with this grass than does the common
red.
Common red clover calls for little special comment. Each
of the three cuttings was made when the crop was a little
past full bloom ; the dates, June 19, July 28 and October 9.
The average total yield of the plats (one-tenth of an acre
each) is at the rate of a little more than 4^ tons per acre.
The composition of this variety will be found in the table
which follows those showing yield and dry matter.
Alsike clover gave two excellent crops, cut respectively on
June 19 and August 10 : but, while the sod of both the
mammoth and common red on November 3 appeared to
be in excellent condition, the sod of this variety shows
signs of weakness. Weeds are coming in to a considerable
extent, principally sorrel. The table of composition shows
this clover to be somewhat richer in nitrogenous nutrients
(protein) than either of the others. This difference in its
favor is in part offset by lower percentages of fat and ex-
tract, and it is doubtful whether the hay of this variety
is worth more for food than that of either of the others.
Alsike clover is especially recommended for soils which are
rather too moist for the common red variety.
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Composition of Clover Hay,
Mammoth. Common Kki>. AUUKK.
POTASH SALT.
riate
(Per
Cent.).
phate
(Per
Cent.).
riate
(Per
Cent.).
phate
(Per
Cent).
la
&
.
u
Mu 3
GO
B
Sul
3 "5
Oi
Water 16.81 16.88 17.92 14.26 26.05 21.64
Dry matter 83.19 83.32 82.08 85.74 73.95 7H.36
100.00 100.00 100.M 100.00 100.00 loo.M
Dry matter contains :—
Crude ash, 9.97 8.96 8.79 8.22 10.67 9.77
Crude cellulose, .... 30.35 30.40 31.46 30.24 ! 30.32 30.23
Crude fat, 2.00 2.18 2.66 3.15 2.07 2.08
Crude protein 14.65 14.86 13.34 12.61 16.48 15.82
Nitrogen-free extract matter, 43.03 43.60 43.75 45.78 40.46 4'J.lo
/Sulphate v. Muriate of Potash for Clovers. — This experi-
ment with clovers was so carried out as to allow a careful
comparison between the sulphate and the muriate as sources
of potash for this crop, as well as the comparisons between
varieties. A study of the figures giving yields shows that
there seems to be no clearly defined difference in the effect
of the two salts upon the. total product. It is true that in
the case of the alsike clover the muriate plat produced much
the larger crop ; but, since this was not the case with either
of the other varieties, we are not justified in concluding
that this difference is a direct consequence of the different
manuring.
A study of the figures showing the composition of the
crops from the several plats, however, reveals the fact that
in every instance the percentage of nitrogen-free extract is
greater in the hay raised on the sulphate of potash. It is
true that the difference is not large, though in the case of
the red clover it is sufficient to make a difference of rather
over 140 pounds of this valuable class of nutrient- in the
product of one acre. It seems probable that this difference
is due to the action of the chlorine of the muriate of potash
in decreasing the formation of starch,— an effect w hich lias
often been noticed with the potato. Since, then, starch is
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one of the most valuable constituents of foods, it follows
that the sulphate is to be preferred to the muriate of potash,
if it can be obtained at the same price. This, however, has
not thus far been the case. At prevailing prices, die muri-
ate would seem likely to be the more profitably employed.
4. Millets for Seed.
The three species of Japanese millet reported in previ-
ous years have been again cultivated for seed. The product
has been at the following rates per acre : barn-yard millet
(Panicinn crus-galli)
,
straw, 6,554 pounds, seed, 57 bush-
els ; Japanese panicle millet (Panicum miliaceum), straw,
5,514 pounds, seed, 26 bushels; common Japanese millet
(Panicum ttalicum), straw, 5,017 pounds, seed, 53.3 bush-
els. The weights per bushel of the seed are respectively 35,
54 and 42 pounds. Owing to unfavorable weather, a large
amount of the seed of the barn-yard millet wasted in the
field, hence the yield appears smaller than it actually was.
5. Millets for Fodder,
(a) First Experiment.— Our three species of Japanese
millets, viz., the " barn-yard," the " panicle n and the " com-
mon," have been carefully compared with each other and
with Hungarian grass as fodder crops upon a somewhat ex-
tensive scale. Nearly one-half an acre of the barn-yard
variety and one-third of an acre each of the others were
sown. The soil was a rather heavy loam, which for several
years lias been manured only with fertilizers. On a part of
each plat the fertilizers applied were bone meal, lime and
double sulphate of potash and magnesia ; on the balance of
each, nitrate of soda, Thomas phosphatic slag and the double
sulphate were applied. To Dr. Goessmann is left the dis-
cussion of the results of the two systems of manuring, as
they were planned by him. }Ye have here to do only with
the comparison of the varieties under trial. Suffice it to say
that the fertilizers were applied in only moderate amounts,
and that they were spread after ploughing, and harrowed in.
All varieties were sown on June 2, the seed covered with
Breed's weeder and the land then rolled.
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The following table shows the amount of seed Bown, tin
date of cutting and the yield of well-cured hav. Kor con-
venience of comparison, the yield of the " barn-vard " variety
is given for the same area as the others : —
Varieties of Millet (One-third Acre Each).
VARIETY.
Quantity
of Seed sown
(Quarts).
Data of
Cutting.
Yield of Hay
(I'oundk).
Hungarian grass, .... 6j Aug. 15, 1,730
Japanese common millet, . 8 Aug. 20, 2,025
Japanese panicle millet, . 8 Aug. 15, 2,410
Japanese barn-yard millet, 4 Aug. 15, 2,008
The fact must be stated that the quantity of seed of the
" barn-yard " variety proved to have been rather too great
for a season so favorable for rank growth as was the Last.
The crop of this variety lodged badly, and was therefore
cut rather before it would otherwise have been. It was the
intention to cut each variety when the seed of the plant s on
the earliest portion ofthe plat was well formed, but before it
began to harden ; and this was done except in the case of the
barn-yard variety, which, as before stated, was cut a little
before this stage was reached. The several varieties yielded,
.as determined by calculation from the results given in the
above table, at the following rates per acre of well-en red
hay: Japanese barn-yard millet, 7,830 pounds; Japanese
panicle millet, 7,230 pounds; Japanese common millet,
6,075 pounds ; and Hungarian grass, 5,190 pounds.
(b) Second Experiment
.
— Seventeen varieties of millet,
including the 4 above discussed, were given a trial upon a
smaller scale, upon similar soil and under similar conditions
to those just described. The plats in this experiment were
ten rods long and one rod wide, containing, therefore, one-
sixteenth of an acre each. The results are shown in the
table which follows : —
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Millets, Variety Tests (Plats One-sixteenth Acre Each).
Quantity of I
Seed (Quarts).
Height of
Plants
(Inches).
Date of
Cutting.
Yield of Hay
(Pounds).
Canary bird seed,* .
Early Harvest,
.
Mukodamaski (Japanese),
Golden,
Golden Wonder,
Hokkaido (Japanese), .
Japanese common, .
Hungarian,
Japanese white panicle, .
Chinese. .
Common broom corn,
White French, .
Red French,
Hog,. . . .
( 'alifornia,
Japanese panicle, .
Japanese barn-yard,
2
2
2
2
2
2
2
2
1*
U
u
11
u
u
u
u
1
30
36
42
54
48
47
48
39
78
51
40
48
34
37
37
55
66
Aug. 25
Aug. 4,
Sept.
Sept.
Aug.
AU£T.
8,
8,
13,
25,
Aug. 25,
Aug. 13,
Aug. 31,
Aug. 4,
July 28,
July 31,
July 28,
July 28,
July 28,
Aug. 15,
Aug. 13,
295
325
540
610
480
430
475
550
840
460
450
310
300
370
370
490
620
* In this table the names under which the varieties were advertised are used in the
case of all purchased sorts. The Japanese varieties are of our own importation or
production.
The varieties especially noteworthy for large production
are the Japanese white panicle and the Japanese barn-yard,
the latter not doing its best either in this trial or the other,
on account of having been sown too thick. In estimating
the significance of these results, this fact must be kept in
mind. It is further important to state that the barn-yard
variety is far less harsh and woody than any of the other
large-growing varieties of millet. Its extreme succulence,
however, makes it rather difficult to cure. We have had
most success in handling it as clover is usually handled by
the best farmers, viz., by curing mostly in the cock. It is
our intention to publish analyses of these millets in a later
report or bulletin.
Miscellaneous Crops.
A considerable number of miscellaneous crops have boon
under trial upon a small scale, or have been cultivated for
illustrative purposes. Under this class may be included
37 species of grasses ; 22 varieties of millet for seed ; 2G
species and varieties of leguminous fodder or green manur-
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ing crops; 7 varieties of oats ; several varieties of K>rghtun
recommended for fodder,— saccaline, iris, beggar weed and
cystisus, all sent in for trial as fodder c rop-
; Auk. . gmss
and 2 varieties of sugar beets. Many of these require no
especial notice, while most of the others caD be sufficiently
discussed in a few words.
The grasses include a considerable Dumber of species,
received through the kindness of Professor Fletcher <>!' the
Ontario Agricultural College, which are as yet entirely un-
known to the general cultivator. Several among them arc
indigenous to America, and appear to possess qualities which
fit them in an especial degree for our soil, climate and con-
ditions, and must make them of great value in our agricult-
ure. The seeds of all these grasses were sown last spring,
and it therefore follows that they have not yet had a trial
sufficiently long to warrant definite conclusions. Among
those species, however, which, so far as can he judged from
orie season's growth, appear to be expressly promising, arc
the following: Bromus schradeii, Bromus ciliatus, Agro-
pyrum tenerum and Avena flavescens vera. Seven indigenous
species from seed collected in Amherst and vicinity arc
under trial, and two species were sent for trial by the
United States Department of Agriculture. One of these,
Eragrostis New Mexicana, appears promising: the other,
Elensine Egyptiaca, gave one good cutting, but failed t<>
start thereafter. If an annual, as this behavior indicates,
it can hardly prove important.
The Millets.— Among the 22 varieties included in this
trial are most of those cultivated as fodder crops, besides a
few others which were of especial interest. In this dial all
varieties were allowed to ripen seed. As it was, however,
found impossible to prevent the birds from taking some
of the seed,— a serious matter, where the quantities are
small,— it is not deemed important to publish the figures
showing yields.
It has been decided, after the experience of two years in
cultivating these varieties both for fodder and for seed, that
there is no appreciable difference between (he varieties sold by
various seedsmen under the following names: White French,
Chinese, broom corn and California. This variety, a- well
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as the French, red French and nog millets, are all appa-
rently of the same species as the Japanese panicle millet,
viz., Panicwn miliaceum, and are all much inferior to the
Japanese in productive capacity, and inferior, I believe,
also, to Hungarian grass.
Leguminous Fodder and Green Manuring Crops.
Most of the species and varieties, 2b' in number, coming
under this class, have been named, described and commented
upon in previous reports, and require no further mention at
this time. Of a few it is necessary to speak briefly.
1. Flat Pea (Lathyrus sylvestris).— Of all the crops
which have been urged upon the attention of the American
tanning public in recent years, few have been so highly
praised as this. I am compelled to conclude, after three
years' trial, and in view also of the experience of other-,
that it is not a crop which can prove valuable among u-.
The principal points against it are the following: —
(a-) The seed germinates with extreme slowness and un-
certainty, making this a difficult and expensive crop to start.
It would hardly be possible to stock a field with it, except
by starting the plants in a bed and then transplanting to the
Held.
(b) The plants are not perfectly hardy under average
conditions.
(c) The plants in growing sprawl over the ground in
such a manner as to make this a difficult crop to cut.
(d) The forage is not relished by cattle. This state-
ment is based largely upon distinguished German authority.
In conclusion, I may state that this crop does not appear
to have made any important place for itself in the land of
its origin, Germany.
2. "Sweet Clover" {Melilotus alba). — Two plats in
Field B, each of one-tenth of an acre, were sown with this
clover, as it was thought possible that it might prove useful
for the silo or for green manuring. These plats are desig-
nated by numbers 10 and 11. Both received ground and
steamed bone meal at the rate of 600 pounds per acre
;
* Dr. Max Maercker and Dr. Julius Kuehn.
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Plat 10, muriate of potash; and Plat 11, high-grade sul-
phate of potash, in both eases at the rate of 200 pounds per
acre. The seed was sown at the rate of 3 pounds per plat.
The plants were badly thrown out of the -round during the
winter, but most of them survived. The growth, however
was poor, and both were cut June 19, yielding: Plat 11
200 pounds; Plat 12, 285 pounds, green weight.
It was noticed that isolated plants or clumps of plants
while growing had a much deeper shade of green, and were
in many instances three times the average height of i In-
other plants in the held. Examination revealed the fact that
in every instance the roots of these plants were thiekls -et
with the nodules characteristic of the Leguminosae, while
such nodules were either entirely or almost entirely absent
from the roots of the feebler plants, which class included
a large majority of those in the plats. It is believed that
this difference accounts for the wide variation in the differ-
ent plants. These nodules are due to the development
upon the roots of specific bacteria (microscopic fungi >.
These bacteria must develop, like other plants, from seed
;
and this seed, when the culture of a new crop of this class
is first begun in a given locality, is not present as a rule in
such quantity as to insure a full development of the nodules.
Such as do develop must come from spores which adhere to
the seed of the new crop. In the case of a second or later
crop the spores are more abundant, for, as is often the case
with weed seeds, the few developed the first year, remain-
ing in the soil with the roots of the crop, retain their
vitality, and accordingly the crop does better when grown
a second or third time than at first, because the more abun-
dant spores cause a more abundant development of root
nodules upon which the assimilation of free atmospheric
nitrogen depends.
In this case sweet clover had never been grown upon
these plats before
;
hence, as there were probably no spores
in the soil, and nodules could come only from the few
spores which happened to adhere to the seed sown, there
were in the aggregate but few and the crop did poorly.
The plats have been sown again with the same crop, in the
expectation that in the second year of its culture it will do
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better. The probability that this will be the case should
never be lost sight of Avhen new leguminous crops are under
trial.
3. TJie Horse Bean ( Viciafaba). — This crop, so highly
prized by Professor Robertson of Ontario, has been given :i
rather more extensive trial than most of t lie crops in this
class during each of the last two years. It does not com-
mend itself to my judgment as a fodder crop, for which il [fl
recommended. It is subject to a blight, which often seri-
ously injures it ; it sets comparatively little seed, most of
the blossoms blighting : and in yield it does not equal other
leguminous crops which are more easily cultivated.
4. Field Peas. — During the past season we have tried
three new varieties of field peas from Canada, all of which
appear to be excellent sorts for field culture with oats or
barley as fodder crops. There does not appear to be a very
wide difference between the three in productive capacity.
All were remarkably free from mildew. The table below
gives all information necessary for a comparative estimate
of these varieties : —
Field Peas (2 Roivs, Each 70 Feet Long).
English Gray. Canada Beauty. Prussian Plue.
Pounds. Pounds. Pounds.
Total yield, pods filled hut vines
still green, 165 200 205
Per Cent. Per Cent. Per Cent.
Dry matter, .....
Water,
14.77
85.23
18.28
81.72
18.06
81.94
100.00 100.00 100.00
Dry matter contains :—
Crude ash
Crude cellulose, ....
Crude fat,
(
'rude protein
Nitrogen-free extract,
9.56
30.23
3.16
20.65
36.40
7.80
28.99
2.74
16.14
44.33
100.00 100.00
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It is noticeable that the first variety is considerably richtf
in protein than the others; but, as the yield is bo much
smaller, either of the latter would seem to be preferable as
fodder crops. They not only yield more heavily, hut the
fodder contains a considerably larger percentage of dn
matter, which gives them greater food value. It might be
thought that the Canada Beauty and Prussian Blue mu>l have
been more mature than the others, but this is not believed
to have been the case. The effort was to harvest each in the
same stage of maturity. Moreover, all were planted on the
same date, May 2, and they were harvested as follows : Eng-
lish Gray, July 11 ; Canada Beauty, duly 1 I ; and Prussian
Blue, July 2.
Oats.— Five varieties of common oat* were tried upon a
small scale, chiefly with a view to determining whether a
variety could be found capable, under our peculiar climatic
and soil conditions, of resisting rust. The attempt was a
failure so far as this particular object is concerned, as all
varieties rusted, and apparently to practically the same ex-
tent. The crop, however, was a fairly good one. The area
occupied by each variety was 7 by 85 feet (one seventy-
third of an acre). The yield is shown below : —
Varieties of Oats {One Seventy-third Acre Each).
Strnw
(Pounds).
(train
(Pounds).
Weight per
Bushel
(Pounds).
57 30 32
52 3i 31
66 35 NJ
59 32 Mi
52 27 33
Siberian,
Lincoln,
Black Beauty,
New Illinois,
W hite Poland,
A yield of 31 pounds is almost exactly at the rate of 7i)
bushels of 32 pounds each per acre.
Winter Oats.— Two varieties of winter oats have been
tried during the past year. The seed of one sort was de-
tained from Dover, Del., of the other from Charlottesville,
Va. In both of these States winter oats are considerably
cultivated, and, as the impression there seemed to bo that
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these oats are quite hardy, it was decided to try them. We
were also invited by Peter Henderson & Co. to make such a
trial. One plat of one-tenth of an acre in rather heavy but
well-drained loam and another of about three-eighths of
an acre in medium loam were selected for the experiment.
The seed was sown in drills about the last of September,
and the oats had made a good start before cold weather.
jVot a single plant survived the winter in either plat.
Sorghum Varieties. — Several varieties of reputed fodder
plants belonging to the genus Sorghum have been under trial
in a small way during each of the last few years, usually at
the suggestion of the United States Department of Agricult-
ure. It is believed by some of the officers of this depart-
ment that plants of this class, having greater capacity to
resist drought than many others, will prove valuable fodder
plants ; and this opinion is seemingly justified by the results
of trials in some of the western States. In Kansas, indeed,
very favorable results have beeu obtained with some of them
as grain crops. Such of these crops as have been tried here
have always been put in warm, well-drained soil, but they
have in no instance equalled Indian corn as fodder crops.
Those tried this year are the following: " Jerusalem corn,'"
" Ecd Kaffir corn," " White Kaffir corn n and " Millo maize."
"Teosinte," although not a sorghum, can be considered with
them. All of these grow very slowly at first, which increases
the cost of culture largely, as compared with corn. None
of them have ripened seed with us. For the various reasons
above stated, I do not regard any of these crops as likely to
prove valuable for Massachusetts farmers.
Saccaline. — Seed obtained in 1895 was started in a bed
in the open air, and in midsummer plants were set in two
plats, one in light sandy soil, the other in a heavy moist
soil. The plants in the latter grew vigorously until late
fall, those in the sandy soil but feebly. During the win-
ter about 75 per cent, of the plants in both plats were
killed. A similar proportion of plants temporarily set in a
bed in medium loam died during the winter. Such plants
as survived the winter in the moist soil made a very early
start in the spring, but were entirely destroyed by later
frosts. I judge that the plant is far from being sufficiently
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hardy for our climate. Moreover, it is nut much relished
by stock unless cut very young. Further, it should be
remembered, by any one trying it in a locality where n
thrives, that it spreads rapidly by means of underground
stems, and that it is extremely ditlicnlt to eradicate when
once it has gained possession of the ground.
Iris pabularia.— Seeds were sent for trial I»\ J, M. Thor-
burn & Co. of New York in 1895, the statement being made
that it might prove valuable as a fodder crop. Germination
was slow, the plants grew but feebly and during last \\ inter
all were killed.
Cystisus proliferus albus. — Seeds were received for trial
of this plant as a fodder crop in the spring of 1 895. ( termi-
nation was imperfect, the plants did not make much growth
and all died during last winter.
Florida Beggar Weed (Desmodiiou iortuosum). — Seeds
sent for trial as a possibly valuable fodder crop were sown
May 4. The plants grew to be about 3 feet tall, with nu-
merous branches and leaves, which are eaten by stock. The
main stem is hard and woody. The amount of fodder pro-
duced does not equal that produced by the soya bean in the
same time. The plants did not reach the blossoming stage
and were killed to the ground by the tirst frost. 1 judge
that it will have no value here as a fodder plant.
Sjpurry (Spergula arvensis). — Two varieties, "small"
and 44 giant," were under trial on a small scale. Neither
produced fodder enough to make it of value.
Ankee Grass (Panicum crus-galli). — Seed of a variety of
this species (the same as that to which our Japanese barn-
yard millet belongs) was received from the United State-
Department of Agriculture, with the request that we submit
it to trial. It was stated that it had been collected by C. Et.
Orcutt, and that the seed was used as food by the Indiana
of South California and Arizona. The seed was sown May
4, and the crop was given careful culture. The plant - gre*
about 5 feet tall, the stems were coarse, harsh and woody,
brown in color, quite leafy. Panicles open like those of the
common weed (barn-yard grass), but without awn-, large.
Seeds did not ripen. As compared with the Japanese ham-
yard millet, this variety is nut as tall, coarser and more
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woody and much later. It is decidedly inferior to the Japan-
ese variety in every respect as a fodder crop for this locality.
It is quite probable, however, considering its origin, that
the Ankee grass will endure drought better than the Japan-
ese barn-yard millet.
Millets under False Names.— The reputation of some of
our Japanese millets is such that seed has for the last two
years been offered in some quarters which is not genuine.
We have received and tested three such samples, from widely
different sources. In one of these eases the mistake may
have been inadvertent. The variety was sold as Japanese
barn-yard millet; it proved to be the Japanese panicle
millet,— a widely different sort. 7/ should be remembered
that we have sent out three Japanese millets, viz., the barn-
yard, panicle and common. The first we consider to be the
most valuable as a fodder crop.
Sulphate of Ikon as a Fertilizer.
A recent English work on manures and fertilizers* lays
great stress upon the value of sulphate of iron as a fertilizer,
and contains figures giving the results of many apparently
careful experiments, all tending to show that this chemical
often has a considerable influence in increasing crops. The
opinions of Mr. Griffiths upon this point, so far as I am
aware, are not shared by most authorities, and I had not
much confidence that experiments here would give results
similar to those he reports. Still, it is our place to put
such questions to the test. Accordingly a piece of land
that for some years has been manured yearly at the rate of
600 pounds ground bone and 200 pounds muriate of potash
per acre, and which has produced a variety of crops, includ-
ing grass, potatoes and clover, was selected for the purpose.
It was divided into four plats, and all received the custom-
ary application of bone and potash, applied in September,
1895. These plats contain one-thirtieth of an acre each.
The crop was the medium green soya bean, planted June
13. Sulphate of iron was applied to two of these plats,
Nos. 1 and 4, on June 24, just as the beans were coming
iij), at the rate of SO pounds per acre.
* Griffiths, "Farm Manures."
1897.] PUBLIC DOCUMENT— No. M
It has been claimed by Griffiths thai the use of thi-
-alt
favors chlorophyll formation, and that it therefore causes I
perceptibly deeper shade of green in the leaves in the plants
to which it is applied. Xo difference could be detected
-lin -
ing the season. The average crop (cut green for the silo)
where the sulphate of iron was applied was 462J pounds,
the average ofthe other plats 445 pounds, — a difference of
17J pounds in favor of the treatment, or at the rate of :>j:>
pounds per acre. I consider this difference too
-mall to be
of much significance.
" Bug Death."
This is a preparation sent to us by the Danforth Chemical
Company, Leominster, Mass., as a substitute for Paris men
as a poison for potato bugs and as a preventive of blight.
It was received late in the season, the " bugs" being full
grown when we were able to use it the first time. It kills
them, but not as quickly as Paris green ; and as, in showerj
weather particularly, rapidity of action is desirable, 1 do
not look upon it as equal in value to that poison for this
and similar purposes. The " Bug Death" had no apparent
effect in preventing blight.
Atomizer for applying the Bug Death.
The Danforth Chemical Company sent with the " Dog
Death" a large atomizer, which they recommended tor it-
application. This material and similar dry poisons can he
applied with this atomizer, but it is entirely unsuited to use
upon a large scale. The hand soon becomes excessively
and painfully weary from the motion required, while the
time occupied is far greater than by other means which are
within the reach of all. It required twenty-eight minute-
to cover a row with the atomizer, while the same length
of row was covered by the use of Leggett's gun in eight
minute.-.
FUNGIROID.
" Fungiroid," sold by the manufacturers of Leggettffl drj
insect powder gun as a means of preventing pot at. » blight,
has been given a thorough trial. Both the " Fungiroid " m
combination with Paris green, furnished and recommended
by the company, and in the latter part of the season, when
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the bogs had ceased to be troublesome, the pure "Fungiroid"
were employed. The season was hot, with frequent showers,
furnishing, therefore, conditions highly favorable to the de-
velopment of parasitic fungi, and extremely unfavorable to
the action of the " Fungiroid." It was, however, reapplied
at frequent intervals, and always after a heavy rain and while
the vines were moist.
The treatment was applied to one row each of the 60
varieties in our variety test. One row each of 38 of these
varieties, in an' adjoining plat, upon similar soil and growo
under precisely similar conditions, was left untreated. No
difference whatever could be detected in the extent to which
blight affected the treated and untreated vines. " Fungiroid*
and Fan's green mixture (prepared) was applied at the rate
of 2 pounds per acre to the vines of the treated plat with
Leggett's gun, and in accordance with directions, on each of
the following dates: July 13, 1 8, 22 and 24. Pure "Fun-
giroid" was applied twice, at the rate of IJ pounds per acre,
and in the same manner, on August 1 and 3. By the latter
date blight had affected all varieties in the plat and to a
considerable extent in most cases. The yield from 38 rows
treated as described was 7,887j pounds of large and 983
pounds of small potatoes. The 38 rows which were un-
treated produced 8,407 pounds of large and !>(>() pounds of
small tubers. The results surely indicate no favorable influ-
ence due to the use of " Fungiroid."
Soap, or Potatoes.
It has been thought by some experimenters that, by an
application of sulphur at the time of planting, "scab" ot*
potatoes, even in infected soil, could be prevented. Accord-
ingly, as we had such an infected soil where a very scabby
crop was raised last season, it was decided to test this point.
The plan of the experiment was as follows : one-half the seed
required was treated with corrosive sublimate solution in the
usual way ; then 240 hills were planted with each kind of
seed (treated and untreated), and in the furrow with one-
half of these hills sulphur at the rate of 300 pounds per acre
was scattered at time of planting. The table below shows
the results : —
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Sulphur for Prevention of Scab of Potatoes [120 HUU Each),
Large Tubeks. m
TREATMENT.
Free of Scab
(Pounds).
Slightly Scabby
(Pounds).
Badly Scabby
(Pounds). i
Seed treated with cor-
J
no Bul l>hur,
rosive Bubliraate, } gulphuri .
21
2
78J
80i
48
56
14
1ft
e no sulphur, .
Seed untreated, ?
t sulphur,
2 tubers
3 tubers
70*
67
84i
96
»i
20
The use of sulphur in the drill appears to have been abso-
lutely without effect. The table indicates that even when
seed is planted in infected land the treatment with corrosive
sublimate is somewhat beneficial.
Trial of Hay. ( !aps.
Another season's use, and very frequent and extended use,
of the three styles of hay caps mentioned in my last report,
viz., the Symmes' paper board, oiled cotton and cotton
impregnated with tannin, has led to the following conclu-
sions : —
1. Caps of some sort are extremely useful, opecially
with such crops as clover, millets, oats and peas, and other
slow-curing crops, especially those much injured by exces-
sive handling.
2. The Symmes' cap is most quickly applied, — an im-
portant point,— and is best liked. It appears to be wear-
ing very well.
3. Of the two styles of cloth caps in use, those impreg-
nated with tannin are most durable. The oiled caps are
more mildewed than the others and have become much more
torn.
4. It has been found that in some eases, when- clover
has been cocked quite green and covered with the three
kinds of caps and allowed to stand for some time with fre-
quent rains, it has kept better under the cloth than under
the Symmes' caps. The porosity of the former in such cases
appears to be an advantage.
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Poultry Experiments .
Poultry experiments were continued daring the winter of
1 895—96 upon a small scale. Our attention has been con-
fined to two points, viz. :—
1. Effect upon egg-production of the use of condition
powders.
2. Comparative value for egg-production of dry ground
animal meal and cut fresh bone.
1. Effect of Condition Powder upon Egg-production.
The experiment to test the value of condition powder in
feeding for eggs was begun February 9 and continued until
April 28. We used two lots of fowls, selected with the
utmost care with respect to similar characteristics in the two
lots. Each lot contained 3 barred Plymouth Rock hen-, 8
light Brahma hens, 6 light Brahma pullets and '1 Wyandotte-
light Brahma pullets. The hens were one and three-quar-
ters years old at the time the experiment began. Each lot,
consisting of 19 fowls, occupied a detached house having
two compartments (scratching shed and closed roosting and
nest room), respectively 8 by 12 and 10 by 12 feet in size,
the nest room with two windows. These houses adjoin each
other and both have precisely the same exposure. The two
lots were fed as follows: in the morning they received a
mash which was mixed hot the previous evening; at noon,
and again one hour before sundown, whole grain was scat-
tered in the straw in the scratching sheds. Artificial grit,
oyster shells and pure water were kept always before them.
The only difference in the management of the two lots was
that condition powder was mixed in the mash for one lot, in
accordance with directions furnished with the powder. This
experiment seemed important, in view of the large amount
of money, in the aggregate, which is expended in the pur-
chase of such powders ; and, notwithstanding the very gen-
eral impression that they are useful, in the absence of any
definite proof of the fact. I would call especial attention to the
fact,— which, though generally well known, is often lost sight
of, — that no one experiment can settle this question in the one
way or the other. The results of this experiment are pub-
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lished, then, not as settling the question, hut *\ni\*\\
evidence bearing upon an important point, to be accepted
only for what it may be worth.
The foods used in this experiment and in the other de-
scribed later, and their composition, arc shown below :
Composition of Air-dry Foods used in Poult,-'/ Experiments ( Parts
in 100).
Water. CrudeAsh.
Crude
Cellulose.
Crude
Fat.
Crude
Protein. tree
Extract.
Ground clover, 9.53 7.43 27.80 1.93 13.65 39.66
Wheat bran,.... 9.56 5.27 8.85 5.37 17.69 51.26
Animal meal,
•
5.08 28.63 16.18 40.03 10.08
24.06 26.13 20.19
New-process linseed meal, . 9.35 4.48 6.58 6.39 38.06 35.14
Buffalo gluten meal, . 7.14 .84 7.07 12.67 23.31 48.97
Chicago gluten meal, . 8.10 .83 3.34 5.57 36.51 4i.fi
Wheat middlings, 10.93 4.03 6.95 5.30 17.28 55.61
Whole wheat, 10.60 1.69 2.17 1.93 13.19 70.42
Whole oats, .... 10.06 2.77 8.71 4.87 14.53 59.06
Soya bean meal, . 9.24 5.02 3.87 16.25 34.75 30.87
The kinds and total amounts of the several foods used in
this experiment for the lot of fowls having condition powders
are as follows (in pounds) : wholewheat, 100; whole oats,
99.5; wheat bran, 19.8; wheat middlings, 19.8; ground
clover, 19.8; new-process linseed meal, 9.9; animal meal,
9.9; soya-bean meal, 9.9; cut bones, 3. Two pound- of
condition pow^der were used. All the meals, bran, mid-
dlings, ground clover and bones were given in the form ol
the morning mash. The total number of pounds of food
used was 291.6. The nutritive ratio, based upon composi-
tion (as digestibility by fowls is not known), is 1 : 4.5. The
cost of all the food used was $3.43, not including the condi-
tion powder.
The lot of fowls which received no condition powder re-
ceived foods as follows (in pounds): whole wheat, !'
,
.
, ."»
:
whole oats, 100; wheat bran, 19.3; wheat middlings, 19.3;
ground clover, 19.3; new-process linseed meal, 9.7 ; animal
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meal, 9.7; soya-bean meal, 9.7; and cut bone, 3. Total
number of pounds, 289.5 ; total cost, $3.39 ; nutritive ratio,
1:4.5.
The results and leading details of the experiment are shown
in the table below : —
Condition Powders for Egg-jn-oduction.
n a . 5
Experiment, February 9 to
Atril 28.
Duration
of
E:
periment.
Total
Food
coi
sumed.
Cost
of
Food
p<
Day
per
Fow
Number
Egf
produced.
Dry
Matter
i
Food
per
Egg
Si
T3
O
O
O
19 fowls, condition powder, .
Days.
1-
Pounds.
291.6
Cents.
.23 163
Pounds.
1.611
Cents.
2.1
19 fowls, no condition powder, 289.5 .23 19^5 1.333 1.8
In the above estimate the cost of the condition powder is
not included. This amounts to SI, which would make the
cost per egg 2.7 cents in the case of the fowls receiving it.
The fowls receiving no condition powder laid their first
egg on February 12 ; those receiving it, their first egg on
March 16, at which time the other lot had laid 24 eggs. One
hen in each lot died during the experiment. At its close the
fowls in both lots appeared to be in about equal condition of
health, but two in the condition-powder lot had begun to
moult, while there were no indications of moulting in the
other lot. There was no material difference in the size oi
appearance of the eggs from the two lots. This experiment
is now being repeated, with lots of pullets mosl carefully
selected with reference to it, having been begun on Jan. 1,
1897.
2, Animal Meal v. Cut Bone for Egg-production.
The general conditions of this experiment were similar to
those in the experiment to test the value of condition pow-
der. Eacji house contained 2 barred Plymouth Rock and
10 light Brahma hens. ") light Brahma pullets and 2 white
Wyandotte-light Brahma pullets ; total, 19, fowls. The
experiment began February 9 and ended April 28.
The food received by the lot having cut bone was as fol-
lows (in pounds) ; whole wheat, 99.5 ; oats, 100 ; wheat
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bran, 18.5; wheat middlings, 18.5 ; Chicago gluten meal,
18.5; ground clover, 18.5; cut bone, LO
; total, 283.5
pounds; cost, $3.25; nutritive ratio, 1 : l.s.
The other lot received essentially the same foods, except
that in place of the bone it got !>.7 pounds of animal meal
;
total food, 287 pounds; cost, *;5.2<;; nutritive ratio, 1 :
The leading details and results are shown in the folio* tag
table : —
Cut Bone v. Animal Meal for Egy-production.
w
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per
— bo
bo
w
. UN
Began February 9, ended o a O 5 o*S a y 2
April 28.
ration
al
Fc
nmed
h-a
mber roduc ii
o o i
9 Pi O OB l« 3 a. u
P H o Q
Days. Pounds. Cents. Pounds. ( Vntn.
283.5 .22 269 .940
j
79
287.0 .22 145* 1.796 2.2
* One soft shelled.
In the above estimate of cost the labor required to cut the
bones is included. The results indicate a decided advantage
in favor of the bone. During last year two experiments
were tried, one of which resulted favorably to the bene, the
other to the animal meal. Last year there was some diar-
rhoea among the fowls having bone, this being given alone
This year the bone was fed in the mash, and there has been
no such trouble. There has been this year no perceptible
difference either in the condition of the fowls in the two lots
or in the size or character of the eggs produced. The ex-
periment indicates, then, a decided advantage in favor of the
cut bone. This experiment is now being repeated.
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REPORT OF THE METEOROLOGIST.
LEONARD METCALF.
During the past year the usual meteorological observations
have been continued, and the results have been compiled with
those of previous years. A .special bulletin will be published
with the annual summary of observations for the year 1896,
in January, 1897, giving the mean annual and the maximum
and minimum records for this station for the past eight years,
i.e., since the equipment of our observatory.
The advisability of making a change in the time and fre-
quency of taking the observations, from tri-dailv readings
at 7 a.m., 2 p.m. and 9 p.m., to bi-daily readings at 8 a.m.
and S p.m., to conform with the present method of the U. S«
Weather Bureau, was considered; but, after discussing the
subject thoroughly with the department at Boston and at
Washington, it was deemed unwise to make the change, and
the observations have therefore been taken three times a day,
as hereto fo re.
After a careful study of the thermometer records of the
tower shelter, it was found that the local conditions of ex-
posure were such as to seriously affect the accuracy of the
temperature readings, and the Draper thermograph, by which
the mean daily air temperature at the tower was found, was
removed to the ground shelter, where its readings are clun ked
and corrected three times a day by a standard mercury ther-
mometer and by the maximum and minimum thermometers
previously kept there. While record is still kept of the maxi -
mum and minimum air temperatures in the tower shelter, it
is no longer published. The wet and dry bulb thermometers
were also removed to the ground shelter, and the wet-bulb
reading or "sensible temperature" of the air is now pub-
lished, as well as the dry-bulb reading. This "sensible
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temperature " is of course the temperature of the atmosphere
as we ordinarily feel it, as the sensible temperature U din < ilv
dependent upon the relative humidity of the air, aud hence
upon the cooling effect of the evaporation of the surface
moisture.
After a careful comparison of the rainfall records of the
ground and the tower, obtained in each case by United States
Weather Bureau rain gauge, it was found that the tower
records were so affected by upward wind currents, due to
the shape of the roof, as to render them of very doubtful
value. The tower " precipitation" observations have there-
fore been discontinued.
Some additional records have been kept during the past
year and will be continued this year. Among these are the
number of days of sleighing and the amount of snow on the
ground at the beginning of each week, the latter beini: re-
ported to the New England "Weather Bureau weekly. Record
has also been kept of the accuracy of the forecasts received
daily at this station ; this record shows that, while the monthly
percentage of correct forecasts has varied from 69 per cent, to
90 per cent, during the year, the mean percentage of accu-
racy of forecasts has been 78 per cent.
A few new instruments have been added to the station's
equipment: two sets of Green maximum and minimum ther-
mometers; six mercury thermometers, United States Signal
Service pattern, made by Green ; and a thermophone,* with
four resistance temperature coils, made by E. S. Ritchie &
Sons, the latter instruments being intended for experiments
on soil temperatures.
Through the courtesy of Professor Whitney, one of his
assistants, Mr. Thomas H. Means of the Division of Soils,
Department of Agriculture, was sent to Amherst in the mid-
dle of July to install a set of Professor Whitney's apparatus
for the determination of soil temperature and moisture. Soil-
temperature electrodes and moisture-resistance plates were
buried in grass land, a short distance from the ground shel-
ter, at five different depths, from the surface of the ground
to a depth of two feet; and from that time, the mi. Idle of
•The thermophone was recently designed and patented b} Messrs. Henry
Warren and George C. Whipple.
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July, until the latter part of August, when the reading in-
strument broke down, daily records of the soil temperature
and moisture were taken. The reading instrument above
referred to was designed by Professor Whitney, and is a form
of Wheatstone's bridge, reading the electrical resistance of
the temperature cell and of the soil itself, from which data
the temperature and moisture of the soil are computed.
Early in September the thermophone was received from
Messrs. Ritchie & Sons, and its temperature-resistance coils
were buried not far from the Whitney apparatus, at depths
of three, twelve, twenty-four and thirty-six inches respec-
tively. On this have been taken tri-daily soil temperature
observations to the present time, and these records will be
continued throughout the winter, the results being plotted
each month, at its close, for purposes of comparison.
In the spring the thermometer coils will probably be taken
up and put down in another place for observations, together
with other instruments, on soil and air temperatures on an
experimental corn plot ; as plans have been formulated in co-
operation with Doctors Allen, True and Whitney of the De-
partment of Agriculture at Washington, and considerable
work has been done preliminary to undertaking at Amherst
a series of experiments bearing upon soil temperatures and
moistures in their relation to the growth and advancement of
crops.
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REPORT OF THE HORTICULTritlST.
SAMUEL T. MAYS' A RD.
The number of varieties of fruits tested during the past
season has been greatly increased, and the testing of a large
number of varieties of vegetable seeds has been added to the
work.
A large addition of varieties of apples, Japanese plums,
peaches, cherries and the new species of raspberries and
blackberries has been made by purchase of young stock, or
by budding or grafting into stocks already established.
Spraying.
The protection of fruit and garden crops from insects and
fungous pests has formed an important part of the work of
this division, the results of which again emphasize the fact
that good fruit cannot be grown without more or less use of
insecticides and fungicides. The most approved apparatus
and the new methods of application, as well as the new in-
secticides and fungicides, are given a very careful trial as
soon after their introduction as possible.
The insecticides most used are Paris green, kerosene emul-
sion, hellebore and pyrethum or insect powder. In the green-
houses lemon oil has proved the most valuable substance for
keeping down scale and mealy bugs.
The fungicides most used are copper sulphate solution-,
Bordeaux mixture and ammoniacal carbonate of copper.
Dry Bordeaux Mixture.
During the winter and spring many inquiries as to the
value of the dry Bordeaux mixture and methods of manufact-
ure were received, and several parties began its manufacture
and put it on the market. Many samples were sent us for
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trial, and the^results of the tests were carefully noted. As
far as can be determined from one season's trial, the results
have not been satisfactory, for the following reasons : first,
that the material is not in sufficiently fine condition
;
second,
that it is impossible to make it adhere for any considerable
time to the foliage or other parts of the plants even when
applied to a wet surface
;
third, that there is a great waste of
material, much of it falling to the ground. After careful in-
vestigation, we have not noticed any marked beneficial result
following its use. For the above reasons, the dry Bordeaux
mixture does not appear to be as efficient as that in a liquid
form.
Steam Spraying Outfit.
One of the greatest obstacles to the use of insect and fungi
destroyers has been the difficulty of obtaining pumps of suffi-
cient power to enable the application of liquids to be made
thoroughly, as fast as an ordinary team would move along
among trees or garden crops ; and a careful trial of a steam
spraying outfit has been one of the features of the past sea-
son's work. As the result of repeated trial, we feel war-
ranted in the assertion that, when run with care and skill,
very satisfactory work can he done better and more cheaply
than when done by hand or by the gear machines. It is of
course understood that the manipulator must be thoroughly
acquainted with the construction of the engine and pump,
and be skilful in keeping all parts in perfect working order.
The cost of such spraying outfits, of which several are now
offered in the market, and ranging in price from $200 to
$400, is much against its use by the small farmer or fruit
grower; but in almost every village or town the work of
spraying for a large number of individuals by the single
owner of an outfit could be done at a less cost than if each
person were to equip himself with small and imperfectly work-
ing pumps. This would probably be found more satisfactory
than if th< outfit were owned by a number of individuals. A
steam engine suitable for this work, and fitted with a fly
wheel, so that the power could be utilized, when not needed
for spraying, for cutting wood, corn fodder or ensilage, grind-
ing grain, pumping water for stock or irrigation, would he a
source of profit in many directions.
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Seed Testing.
Complaints having been frequently received affecting tin-
germinating qualities of seeds and vegetables and their puril
»
coupled with requests for examination and testing ofthe sam<
an extended investigation was undertaken of seeds of stand-
ard varieties from prominent dealers in different sections of
the country. In all, 367 different packages of seeds were
tested, each variety involving four distinct tests. These wen
obtained from seven of the leading seed dealers, as follow -
:
4 from Massachusetts, 1 from New York City, 1 from Phila-
delphia, Pa., and 1 from Detroit, Mich. The Dumber of
varieties tested was: beets, 4 (28 packages);* cabbage, .">
(35 packages) ; cauliflower, 3 (21 packages) ; celery, (30
packages); cucumbers, 4 (28 packages); lettuce, 7 (27
packages) ; melons, 5 (23 packages) ; onions, "> (30 pack-
ages)
;
parsnips, 9 (18 packages) ; peas, 4 (28 packages)
;
radishes, 6 (24 packages); spinach, 8 (1!) packages);
squashes, 4 (28 packages) ; tomatoes, 4 (28 packages).
These seeds were first tested for their germinating quali-
ties by two different methods under glass. These were also
noted when planted in the field, and careful observations
made and recorded from time to time as to vigor of growth.
At the end of the season the characteristics of foliage and
products were carefully determined, and the crop of each
strain weighed. Each kind of vegetable was planted in Boil
best suited to its growth, and the seeds from each dealer
given the same treatment in every way.
Restt
I
'ts.
We are glad to report that with one or two exception- the
vitality (germinating qualities) of the seeds was very satis-
factory, about the same per cent, of seeds of each kind from
the different dealers germinating, and the product - were gen-
erally uniform in outline and markings. The varieties sold
by the different dealers under the same name generally proved
to possess the same characteristics.
* The same varieties, from 7 different dealers.
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With the experience gained in this work the past season it
is hoped another year that, in addition to similar tests, seeds
may be collected from the stock kept on sale in country
stores, much of which is produced by growers of little skill,
and possibly in localities where mixing by cross-fertilization
cannot be avoided. This will entail a large amount of work,
a considerable addition to the area of land occupied and much
greater expense.
The complete results of the season's test will be presented
in tabulated form in a later bulletin.
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REPORT OF THE BOTANISTS.
GEORGE E. STONE, RALPH E. SMITH.
The work of this department has followed the plan oat-
lined in the last annual report. Much of our attention dur-
ing the past year has been devoted to the study of the
gall-forming nematode worms affecting cucumbers and to-
matoes grown under glass, in the hope of finding some
effectual method of combating them. Professor Smith has
devoted considerable attention to the study of their life his-
tory. The results of the investigations, when completed,
will be published in a bulletin.
Most of the correspondence of the department has had
reference to plant diseases, although during the summer
many inquiries have been received regarding weeds. For
the purpose of facilitating their study, we have collected
during the past summer about two hundred and fifty species
for the herbarium, including several species which have been
recently introduced in grass and other kinds of seed. The
department takes this opportunity of soliciting correspond-
ence on this subject, as it is desirous of obtaining information
! in regard to the introduction and distribution of weed- and
other plants which may possibly become troublesome.
The Nature of Plant Diseases.
Before passing on to a consideration of some of the plant
diseases which have occupied our attention during the past
year, it will be well to pay some attention to the nature of
plant diseases in general. The diseases with which botanists
have to deal can be divided into two classes, namely : first,
those which are caused by parasitic fungi, bacteria and -mil-
iar organisms; and second, those brought about by purely
physiological disorders, which have their origin in some al>-
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normal condition of the plant, due to improper care and .sur-
roundings. While the distinction between the two classes
of disorders can in many cases be readily discerned, in other
cases it is indeed difficult to discriminate between them, as
physiological disorders of the plant so frequently produce
just the conditions which are most favorable for the devel-
opment of parasitic fungi and bacteria. Thus the original
cause of the trouble is liable to be entirely lost sight of.
Hearing in mind this fact, it must be clear that to recom-
mend fungicides for the treatment of physiological diseases
is about as absurd as it would be for a physician to treat a
person for consumption who was suffering from malaria or
indigestion, and simply required a change in his food or the
conditions which surrounded him. The only logical method
of treatment under such circumstances is t<> restore the nor-
mal and proper conditions. On the other hand, parasitic
fungi which cause serious disorders in our cultivated plant-
are also found on plants which would pass for quite norma]
and healthy ones. In fact, probably no plant is ent irely ex-
empt from parasites ; and here we are brought face to face
with the question, What constitutes a plant disease? Ft may
be defined as a disorder caused by any failing in or diversion
of the normal physiological actions of the plant. Practically,
we include as plant diseases the effects of all of those forma
of parasitic fungi which occur on plants, although it is doubt-
ful whether many of them really cause any perceptible harm
to their hosts.
Of the two classes of diseases, the parasitic and physiologi-
cal, those of the latter are more likely to be prevalent in
greenhouse plants, inasmuch as the conditions to which the
latter are subjected are very artificial, and cannot coincide
very closely with those of their normal habitat. The physi-
ological disorders, moreover, an 4 much less likely to be dis-
cerned, and, when found, are more difficult to contend with
than parasitic attacks, lor they are more complicated in their
nature, as well as less thoroughly understood. In all OUT
dealings with the plant we must bear in mind that it i-
a plastic organism, capable of responding, within certain
limits, to a great variety of external factors which act a-
stimuli. These external stimuli are principally to he found
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in heat, light, moisture and in the soil conditions. It is
therefore the proper application of these factors which Un-
practical grower has to take into consideration, and hU >uc-
cess in plant growing will depend large I \ upon his skill in
dealing with them. The minute details connected with the
application of light, heat and moisture, the judicious use of
fertilizers and the bringing f the soil into proj>er mechani-
cal condition, are matters which arc now commencing to re-
ceive some of the attention which they deserve.
Diseases entirely or partially di k to Parasitic ()h-
oaMsms.
A Bacterial Disease of the Strawberry (Micrococcus sp. ?).
During a hot sultry period which occurred in the month of
May, 1895, some diseased strawberry plant- of the varieties
known as the Sharpless and the Belmont were sent to the
botanical department from Fitchburg, Mass., for the purpose
of determining the nature of the disease and the remedies for
the same. The freshly gathered plants showed by their dark-
colored, shrivelled leaves that they had been killed outright
in the field by some unknown cause.
A careful microscopic examination of the plant proved that
there was nothing of an insect or fungous nature to which the
trouble could be attributed; but by making more careful ol>-
servations of the cell contents of the roots and leaf petiole-,
numerous bacteria (micrococci ) were found, which at least in-
dicated a possible cause of the disease.
At about the same time these specimen- were received,
the disease made its appearance on many of the strawbern
plants in the college plats, resulting fatally to the plant- in
numerous instances, besides leaving others in a dilapidated
condition. The variety which suffered the most in the college
plats was the Marshall.
In order to ascertain whether the two diseases were identi-
cal, and whether the bacteria were the specific cause of the
disorder, the organisms were isolated, and a numl>er ol pure
cultures made in the ordinary sterilized nutrient gelatine.
In this medium the bacteria developed quite readih . produc-
ing a white, flocculent mass at the bottom of the tul>e. It-
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manner of growth in gelatine proved it to be of an anaerobic *
nature. From time to time the organism was transferred to
fresh gelatine ; and during the next fall three varieties of straw-
berry plants, including the Marshall, Belmont and Sharpless,
were transplanted to the greenhouse. After the new plants,
which were not especially robust, had made some growth,
they were placed in a warm, humid atmosphere, and t he
roots of a number of plants of each variety were inoculated
with the pure cultures of bacteria from the gelatine tubes. As
a result of the inoculation, the plants after a few days showed
the effects of the disease, some, however, more than other-
j
but in all cases the disease was somewhat milder than in the
plants originally affected. An examination of the affected
parts of the plant showed the same bacterium, and cultures
made from the petioles and roots gave the same character-
istic micrococci. Other strawberry plants were again in-
oculated with the new isolated forms, with corresponding
results.
No further experiments in this direction were considered
necessary, inasmuch as the effects of the bacteria upon the
plants had been ascertained. I will state here, however,
that I had never seen the disease previous to this, neither
have I been able to detect it since. I consider it one of
those sporadic afflictions with which any plant is likelv to
be troubled, provided just the right conditions are at hand.
In this instance the conditions of the weather and that of the
plant were especially favorable for such an attack. All of
the plants under examination were young, and had not been
transplanted a great while; and, furthermore, they had all
the appearances of plants which had not become firmlv estab-
lished in the soil. The organism is, not unlikely, a com-
mon form of micrococcus which under peculiar conditions La
liable to cause some injury. Inasmuch as the primary cause
of the disease has its origin in a weakened condition of the
plant, and inasmuch as there is every reason to believe that
the organism gains it^ entrance through the root, any attempt
to apply fungicides would be useless. The only practical
method of dealing with a difficulty of this kind, should it
occasionally make its appearance, is to take more pains in
* Not requiring free oxygen.
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securing a rugged stock and to keep ; , more vvatrhful rare
over the plants during their critical period of transplanting,
thus rendering them less susceptible.
A Stem Hot of the Cultivated Aster,
My attention was first called to this disease during the fall
of 1895, while visiting the florist, Mr. L. \\\ (inodell of
Pansy Park, who raises a large variety of asters for seed.
The specimens obtained from Mr. Goodell were gathered
rather late in the fall, when the disease was far advane.-d,
being characterized at this stage of its development bv a
general blackened and shrivelled condition of the whole
plant. Closer observation of the specimen, however, lo-
cated the point of attack on the stem, close to the root,
where the epidermal tissues which surrounded the abnor-
mally hardened wood were more or less disintegrated.
A microscopic examination of the tissues of the affected
parts showed a variety of organisms, such as bacteria (mi-
crococci), nematode worms, and such mould-like fungi as
Alternaria, Macrosporium and Physarium. Some of these
organisms alone might give rise to the disease, but it i>
more probable that most of them were merely accompanying
factors of the diseased conditions to which the plants were
subjected.
The bacteria and nematode worms were by far the most
abundant, the bacteria especially being widely distributed
through the tissues, on that part of the stem adjacent to the
roots. Owing to the fact that all of the material at our dis-
posal was in too advanced a stage, it was impossible to arrive
at any definite conclusion in regard to the cause of the dis-
ease. Since examining the specimen obtained from Mr.
Goodell we have heard of the disease as occurring in other
places. Among them may be mentioned Mr. Joseph A miner
of Springfield, who writes us as follows : —
Dear Sir: — In reply to your favor of September iM, I am
sorry to say that I cannot send you a specimen of the aster plant*,
because they are all past. The plants appeared to be in a g«*>d
and vigorous condition up to the time of setting dower bed*, when
they began to wilt very rapidly, and in a little more than n w<
whole bed of seventy-five or one hundred plants was nearly it not
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quite gone, save perhaps eight or ten. On closer examination I
found that the stock right at the surface of the soil for about an
inch appeared, soft and pulpy and could be scraped away to the
hard heart, which in most cases was black and dead. I could not
account for it in any way, unless it was some fungous disease.
There are many others around here who are troubled the same
way; some called it lice on the roots, others " aster blight," and
let it go at that. The varieties most affected were "Queen of the
Market," "Victoria" and the "Comet," while the new " Giant
White Comet " was entirely free from it, although separated from
the worst bed only by a four-foot path.
If you can suggest any treatment, I should be glad to try it an-
other year, for I dislike to be obliged to give up growing asters,
but will have to unless some remedy can be found for the trouble.*
The disease is one that requires further investigation, es-
pecially in the field near greenhouses where the asters are
grown, in order that the first stages can be more closely
observed. The cause of the disease is not unlikely due to
some improper method of cultivation ; at all events, it is not
desirable to recommend any method of treatment until more
is known about it. In one instance, when the plants were
badly affected in 1895, they were raised in a new field the
following season, with the same disastrous results.
In this connection we wish to state that Professor Smith
observed some aster plants in a small bed last summer quite
similarly affected, but in this instance the death of the plants
was undoubtedly caused by a small grub which devoured the
roots.
" Leaf Spot" of Decorative Plants.
We use here the term "decorative" in a special and lim-
ited sense, as it is ordinarily used by florists, meaning to
include such plants as palms, Dracaenas, Ficuses, etc., which
are used mostly or entirely for the ornamental effect of the
plant as a whole, and this on account of the leaves. Speci-
mens of such plants may be found in almost any florist's
establishment, the leaves of which are more or less " spotted ; n
that is, certain portions of the leaf are dead and withered,
* We attempted to obtain specimens of diseased plants from the Springfield grow-
ers, but unfortunately it was so late in the season when the disease was reported
from this locality that we were unable to do so, as the affected plants had been de-
stroyed.
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and contrast prominently with the surroundine. ti>sU ,. H
Sometimes all the leaves on the plant arc affected
;
only a few show any spotting. Sometimes almost the entire
leaf is dead; in other cases, only a .small spot. Such plants,
if at all seriously affected, are of course almost valueless
for decorative purposes, and even in less serious cases their
beauty is greatly impaired; consequently it is well worth
an effort to get rid of such disfigurations, and prevent their
reappearance. In order to do this, we must first know the
cause or causes of the difficulty. They are extremely vari-
ous. Any injury, or weakening of the vitality of the plant
in any way may produce the effect indicated by the well-
known expression "leaf spot." It may be nothing more
than a simple burn, produced by the sun's rays concentrated
in passing through the glass roof and drops of water on the
leaves, or, as frequently happens, by contact of the leaves
with the heating pipes. The attacks of insects also some-
times have quite a similar effect. But the trouble is not al-
ways so obvious. Various other agencies conspire to
produce the effect which we are considering.
It may be stated, as a general principle, that the healthy
and rapidly growing plant is the least likely to fall a prey to
! disease. Exceptions to this may be found in the case of un-
usually vigorous outbreaks of the most destructive diseases,
but in the long run the rule holds good. Let the plant he-
come weak and sickly from improper and insufficient nour-
ishment, too much or too little heat, light, water, etc., poor
• ventilation or drainage, or any other disturbance of its nor-
mal functions, and its liability to disease becomes largely
increased. At such a time the weakening of the plant's \ ital-
ity may proceed so far as to cause a gradual dying away of
the leaves and thus produce spotting, or it may, and always
: does, favor the attacks of parasitic vegetable organisms, most
of which belong to the class called the fungi. Such attacks, to-
gether with those of bacteria and other vegetable organisms
of low rank, are alone properly considered as plant diseases.
The fungi are true plants, but of low order and microscopic
in size. Some of them are strictly parasites, i.e., they can
live only upon the tissues of other organisms. Other-, like
the toad-stools, are strictly saprophytes, i.e., they live only
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upon dead and decaying organic matter. These are entirely
harmless to plant life. Still others, while ordinarily sapro-
phytes, have parasitic tendencies, and may attack plants in a
weak and unhealthy condition. A sickly or injured plant
may be attacked by a variety of such forms, together with
true parasites, bacteria, insects and other organisms both of
the animal and vegetable kingdoms, making it impossible to
say which was the original cause of the trouble, if, indeed,
any one of them could be strictly considered as such.
A leaf spot produced by fungi is a place on the leaf where
a fungous plant has become established and consumed the
vital substance. The spot becomes larger as the fungus
grows out into new tissue. Fungi reproduce themselves by
spores, corresponding to the seeds of higher plants. These
spores are of course extremely minute, and are produced in
infinite numbers. They are smaller than the finest dust, and
float about in the air with the greatest readiness.
In the treatment of fungous diseases only one course of
action can be successful. This is prevention. A leaf once
infested with a fungus can never be restored to its normal
condition, for not only is the fungus within its tissues and
out of reach of any treatment, but, furthermore, certain parts
of the leaf are already dead, and can never be restored. One
method of preventing such diseases is by killing the spores
before they can germinate. The now common operation of
spraying consists in applying to plants affected or liable to
be affected by disease certain substances diluted with water
to a strength sufficient to destroy the fungous spores but not
injure the leaves. This solution is applied in the form of a
fine spray, by means of a pump and nozzle. The application
of this method is now well established in the treatment of
most of our destructive plant diseases, especially those affect-
ing fruits and vegetables. The most effective substance thus
far discovered for spraying purposes is the so-called Bor-
deaux mixture, — a sort of blue whitewash, made by com-
bining lime with copper sulphate (blue stone, blue vitriol).
.Many other substances have been tried, some with great
success; but the Bordeaux mixture is still the most satis-
factory for general purposes, for it kills the spore>, sticks
to the leaves and does not injure the plant.
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But in the case of decorative plants, even it' the Bordeaux
mixture effectually prevented disease, its use would in\uk,
a serious disadvantage. Imagine a fine palm or Fiona cov-
ered with blue whitewash! It would certainty be more
disfigured than by any disease. We have, however, other
fungicides which have given very satisfactory results in the
treatment of plant diseases, and w hich, being clear solutions
leave no stain on the plant. Among these the Bo-called
ammoniacal copper carbonate solution is one of the best.
It is prepared by dissolving one ounce copper carbonate in
strong ammonia (26°), of which about one pint will be re-
quired. The copper carbonate should be put into a wooden
pail with sufficient water to make a thick paste, and the
ammonia then added. The resulting solution is then dilated
with about nine gallons of water.
But, aside from any method of spraying, much can be done
for the eradication of spot diseases by removing and destroy-
ing all affected leaves, etc. This must be done promptly
and thoroughly, in order to be effectual. As soon as a leaf
is seen to be spotted, it should be removed and burned.
This will certainly lessen the extent of the disease, and will
in many cases entirely eradicate it, if the plant be kept in
good growing condition. We would recommend, however,
that all plants which have been or are liable to be attacked
by such diseases should be sprayed with the above-described
solution, the frequency of the operation varying with cir-
cumstances. A plant which has been diseased should be
sprayed three or four times, at intervals of about two week-.
If then no further indications of the disease appear, spraying
may be discontinued altogether, or the whole house may be
thoroughly wet down with the solution every month or two,
as a general precaution. (If the house contains any particu-
larly delicate or valuable plants, it may be well to try the
solution on a small scale on them before applying it gen-
erally. We have experimented with quite a variety of com-
mon greenhouse plants, and have experienced no harmful
results. The solution should be diluted to the full extent
recommended.) Spraying apparatus can be obtained ol any
dealer in agricultural implements.
But, after all, the perfection of spraying methods, however
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successful, is not the ne plus ultra of the science of growing
plants. We would not in the least disparage the most ex-
ceedingly valuable results of the work done by experiment
station workers and others in this direction. There can be
not the slightest doubt that millions of dollars' worth of fruit
and vegetables have been and will continue to be saved from
destruction by this means. But the fact remains that success
in growing plants, as in every other direction of human
industry, comes not from the observance of any laid dow n
rules and formulas, but rather is the reward of Long experi-
ence, close application and intelligent skill. The triumph
of the gardener's art is the plant brought to perfection in
a natural, normal and healthy manner, and not that which
owes its exist (Mice to skill in doctoring.
We will now briefly describe a few leaf-spot diseases which
have come to our notice and which have received little or do
public mention. The treatment which we have recommended
will apply of course to these and any other similar diseases.
A Leaf Spot on Ficus elaslica {India Rubber Plant).
(Leplostromclla elaslica, Ell. and Ev.).
The rubber plant, which is used quite extensively for
ornamental purposes, on account of its large, dark-green
leaves, is not often attacked by disease. In our own houses
and also in other places in this State we have, however,
recently found plants affected by a serious spotting of the
leaves. The first indication of the disease is seen in the
leaf's turning in small spots or streaks, which rapidly in-
crease in extent, changing from yellow to a brownish coloi
and finally to an ashy gray, when the affected portion is
quite dead. At this stage the spots may include a large por-
tion of the leaf or only a small part of it. There is often
more than one on a leaf, but never a large number. The
dead portion is sharply distinct from the living, and banded
by a narrow black margin. Upon its surface little black
dots appear, which are cavities containing the spores. The
spots keep increasing in extent, until the leaf finally losee
its vitality and falls from the plant. No plant more than
ficus shows the effect of such a disease as this, since its
handsome, dark-green leaves are its only ornamental feature.
li
Figure 1.
I. Leaf of Ficus Elastica with spots caused by Uptostroma/fa Eld,
II. Surface of dead area enlarged, showing spore bearing cavities.
III. Cross section of dead area with spore cavity at a and filaments t>,
running among the cells of the leaf.
IV. A spore x 1300.


Figure 2.
I Leaf of Phornix Canadensis attacked by Graphiola Phornicis.
II. Spore bearing conceptacle enlarged.
IK. Section cf a conceptacle full of spore, and portion of the leaf.
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This disease was first brought to notice by Prof, I L.
Scribner, in "Orchard and Garden," January, LHiU, and
scientifically described at about the same time bj Mr. ,1. B.
Ellis, from specimens sent by Professor Scribner. Wc fjnd
no mention of it since that time, which seems t<> indicate
that it is not generally prevalent. Should n L e SOi ,,
cannot fail to become very troublesome, for it spreads with
considerable rapidity, and has a ruinous effect ujkmi the
decorative value of the plant. It was introduced into our
houses, apparently, on a variegated-leaved Ficus elastira
purchased from an outside florist. From tin- plant it spread
to others of the ordinary green-leaved type, and ha- practi
eally ruined several fine specimens. Great care should then
fore be taken, in purchasing stock outside, that it !>.• fri e
from disease. (Not infrequently we hear of Ficus plants
whose leaves turn yellow and drop oil'. This marks the
normal end of the existence of the leaf, or, it' it occurs
extensively, an unhealthy condition of the plant, and is not
to be confused with the fungous disease. An effect almost
exactly similar, superficially, to that of the latter, is some-
times produced by sunburn.)
A Leaf-spot Disease of the Date and Similar Palms
(Phoenix sp.).
(Gmphiola Pfaxmcis, Poit.)
This disease is by no means a new or unknown one, hut it
has received little attention from an economic stand-point.
It attacks various species of Phcenix in cultivation, and in-
jures and disfigures them to a considerable extent. The
affected parts of the leaf become mottled with yellow, and
upon the surface little black eruptions appear, which an- ( up-
shaped conceptacles produced by the filament- in the interior
of the leaf, and in which the spores of the fungus are pro-
duced. These little eruptions are about one-fiftieth of an
inch high and twice as wide, — plainly visible, therefore,
to the eye. They consist of a firm, dark-colored exterior
layer, enclosing a more delicate inner covering, which < •<>it-
tains a mass of thread-like filaments on which the spores are
produced. The leaf becomes thickly dotted over on both
sides with the conceptacles and slowly shrivel- awaj and
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dies, innumerable spores being produced meantime, which
are ready to attack new leaves and plants. A fair-sized
plant of Phoenix canariensis, sent in for examination and
treatment, was found to be badly affected with this disease,
and was treated as recommended above. All leaves which
showed any sign of the disease (which included all the
larger leaves of the plant) were cut off at the base. The
plant was then sprayed, and has since developed new leaves
which show no sign of the disease, though it is now nearly
a year since the plant was received.
A Leaf-spot of the Begonia.
While it may he questioned whether the value of the
begonia is strictly that of a decorative plant, in the sens*
in which we have beeD using this term, still, it cannot be
denied that the plant is often used for this purpose, and
on that ground we will consider in this category a spotting
of its leaves which has come to our notice. Ordinarily the
begonia is seldom affected by disease, insects or any other
injurious agency. Still, it is not invulnerable, and we find
occasional reports of diseased plants. In the English jour-
nals, "The Garden" and "The Gardener's Chronicle," I
discussion runs along through several numbers in 1895, con-
cerning a so-called " begonia rust," which seriously affected
tuberous begonias. This, however, was finally settled on
good authority to be insect work. " Damping off," a fun-
gous disease of begonia and many other kinds of seedlings,
is not uncommon. Professor Halsted of the New Jersey
Agricultural Experiment Station mentions two leaf-spot
diseases of begonia in the 44 American Florist," September,
1894, one caused by nematode worms, the other a fungous
disease.
During the past year or two we have met with a definite
spot disease on begonias, mostly of the tuberous variety,
which is quite prevalent in our houses and those of a neigh-
boring florist. We are not yet entirely certain as to the
cause of the difficulty. The spot begins either on the margin
or interior of the leaf, and slowly increases in size until the
leaf dies and drops oft*. There are sometimes several spots
on each leaf. As they increase in size their surface is
Figure 3. — Spotted Begonia leaf.
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marked by concentric curved lines parallel to the edge of
the dead portion, as in many spot diseases of fungous origin.
Microscopic examination, however, shows nothing which
may with certainty be decided upon as the cause of the
trouble. We usually find fungous filaments and spores, but
they are of many dif-
ferent species, and
mostly moulds of a
saprophytic or only
partially pa ra s i tic
nature, and cannot
be regarded as the
primary cause of the
disease. In a few
specimens we have
found the spore-
hearing conceptacles
and spores of a fun-
dus belonging to or
near the extensive
parasitic genus Glce-
osporium, which in-
cludes a great num-
ber of leaf spots.
AVe consider this as
the probable cause of
the disease, but the
spore-bearing mate-
rial was very scanty,
and we were unable to identify it with any described species.
Possibly the trouble may be due to various causes, not all of
a fungus nature, but appearances seem to indicate that there
is a definite disease which causes most of the spotting. At
all events, it will be a wise precaution, in this and all similar
eases, to remove and burn all affected leaves.
Several other leaf spots of the palm, dracsena, ficus and
other decorative plants have come to our notice. Some were
only simple snn-burns, Avhile others were real fungous dis-
eases. What was at first thought to be Leptostroniella
ela-tica (the above-described leaf spot on Ficus elastica)
Fig. 4.— Pilobolus crystallinus, Tode.
I. Somewhat enlarged.
II. Sporangia on rose leaflet.
III. Discharge of sporangium
.
IV. Section of sporangium and filament, showing spores.
V. Sporangium upon filament before being discharged.
III., IV. and V. are greatly enlarged.
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upon Ficufl religiosns, the banyan tree,
proved to be simply
a Ban-barn, though its superficial
resemblance to the fungous
disease was most perfect. Quite a serious and apparently
now spot disease of greenhouse orange trees
has been met
with, whic h is of true fungous origin. It is not
necessary to
describe all these forms in detail, as the treatment
is practi-
cal ly the wine in each case.
A So-called Black Spot of (he Hose.
(PtHobolus crystaMnMS, Tode.)
It Lb not unusual to find rose bushes in the greenhouse
thKkly dotted over with little black specks, appearing not
unlike » (Ly specks," which occur on all parts of the plants
alike, and of course greatly disfigures the blossoms. Micro-
scopic examination shows each speck to be a minute sac,
tilled with what are evidently fungous spores. It would
thus Appear th.it we had here a fungous disease, and as such
it has been described under several different names. In fact,
however, thi> is in no sense a disease, and the little sacs of
spores have no real connection with the rose plant, being at-
tached to it simply by cohesion. The sacs of spores or
sporangia are produced by a fungus, Pilobolus crystallinus,
which is strictly saprophytic, and grows on decaying ma-
nure. As such manure is usually placed upon the soil under
roeee, spores of the Pilobolus are introduced in it, and find a
favorable place for development. They produce the thread-
like filaments which make up a fungous plant, and on the
endti of certain of them sporangia are developed. The fila-
ment behind each sporangium becomes filled with a watery
fluid, which gradually increases in quantity, and exerts a pres-
sure on the sporangium at the end. This pressure becomes
so great that finally the sporangium, at about the time of its
maturity, is forced from the end of the filament with sufficient
power to send it a considerable distance. We have seen
thnn on the roof of a rose house at least eight or ten feet
from the soil where they were produced. Striking a plant,
they ftdhere to it, and give the appearance of having devel-
oped there We find them particularly on the rose, simply
because the practice of covering the soil with manure is con-
fined to the cultivation of that plant.
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While this is not a disease in any sense of the word, still,
the effect of the fungus on roses is of course disastrous to
their beauty and salability. Knowing that the disfiguring
sporangia come from the manure, where they can readily be
seen in the morning in process of development, it would seem
a comparatively simple matter to destroy them at that stage,
either by mechanical means or by spraying with a fungicide.
A Leaf Blight or Anthracnose of the Cucumber.
(Colletotrichum Lagenarium (Pass.), E. and Hals.)
During the past summer we have received specimens of
cucumber leaves from several different parts of the State,
which were infested with a very destructive blight. In
Arlington and Leominster, where the raising of hot-house
cucumbers is carried on extensively, the disease was reported
as doing great damage. The fungus which causes this trouble
grows within the tissues of the leaf, and by sapping its
vitality causes its death. Under favorable conditions it is
very quick acting and extremely destructive. The infested
leaf first shows yellowish spots upon its surface, which rapidly
increase in size and become dry and dead. Various moulds
often develop upon the dead areas, and, being more promi-
nent than the fungus which really produces the disease,
appear to be the cause of the trouble. A dark-brown, luxu-
riantly growing species of Macrosporium or Alternaria was
particularly abundant upon the specimens received this sum-
mer, and had evidently been taken to be the cause of the
disease, which was referred to as the 4 'brown mildew,''
44 brown leaf blight," etc. Such growths undoubtedly hasten
the destruction of the leaf, but they are able to develop only
upon leaf tissue which has been killed or greatly weakened
by the other more strictly parasitic fungus which is invisible
to the eye. The dead areas gradually fall away, leaving
large irregular holes in the leaf, which in a short time be-
comes entirely dead. The same fungus often attacks the fruit,
causing it to rot badly, and has been proven to be the cause
of the well-known 44 rust," so called, of the pods and leaves
of the bean. It also attacks the watermelon, musk-melon,
citron, squash and pumpkin, affecting both leaves and fruit.
We have recommended spraying every week or two with the
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Bantam mixture for this and one or two other somewhat
similar cucumber diseases, and have received reports from
Arlington of favorable results from such treatment. While
this is a most destructive disease if left unchecked, it ought
nevertheless to he kept under control with comparative ease
it' judicious spraying with any good fungicide be combined
with proper management of the crop.
An Unusual Outbreak of Two Rusts.
77 . AsjKiriKjus Rust (Purcinia os/ninn/i, D.C.).
The rust of the asparagus has been known in Europe for
more than half a century, and has caused more or less dam-
age there. In this country it has been known for several
years, but not at
a 1 1 extensively.
1 hiring the pres-
ent season, how-
ever, asparagus
beds in various
parts of this
State, in New
Jersey anddoubt-
less in other
States, have been
seriouslyattacked
by this rust, and
are threatened
Flo. 5. — Section of a Hunter of teleuto spores of P. asparatd. with £TCat illiui'V
Kre.tly enlarged.
.
° fJ \
J
should it continue
to develop extensively from year to year. This fungus
is one of the true rusts, and is quite similar to that at-
tacking the wheat, tike it, there are three distinct stages
of development, in each of which a different kind of spore
is produced. According to European accounts, the rust
fa* appears on the asparagus in the spring, at which time
it produces the first kind of spores, the cecidia. These de-
velop in turn during the summer, and produce the spores
of Hie second or red-rust stage, the uredo spores. These
gain develop, and produce spores of the third or black-rust
stage, the trleuto spores, which lie over winter and in the
Figure 6. — Asparagus stem with rust.
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spring attack the asparagus again, and produce secidia. In
each stage the fungus consists of minute filaments, which
grow in the tissue of the plant and draw their nourishment
therefrom. In some rusts one of the stages is most promi-
nent, in others it is another. In the wheat rust the uredo
or red-rust stage is perhaps the most conspicuous. In the
present case the black or teleuto spores are most prominent.
They appear in October and November, when the affected
plant becomes thickly covered over with small, irregular
black lines and blotches, which are the masses of spores
pushing out through the surface. This is the stage which
has been observed this fall in Massachusetts and New Jer-
sey. Doubtless the other two stages were developed during
the season, but did not become sufficiently prominent to at-
tract attention.
Since this disease does not become prominent until late in
the fall, and the asparagus crop is gathered in May and June,
a question naturally arises as to how it can have any serious
effect. There is indeed no great danger to be apprehended
of its actually disfiguring the marketable product ; but no
plant can undergo a continuous and vigorous attack of a par-
asitic fungus without a serious loss of vitality, if it be not
killed outright. If this rust appears only intermittently and
not extensively, its ravages need not be seriously feared
;
but, should it continue to develop in the present abundance
year after year for any considerable time, it cannot fail to
become a most serious obstacle to the raising of asparagus.
Moreover, we have examples in similar rusts, like that of
the hollyhock upon its first appearance in Europe and later
in this country, which have developed with unusual vigor and
destructiveness immediately after their first outbreak in a new
locality and climate. The raising of hollyhocks in Europe
was well-nigh impossible for some time after the introduction
of the rust. The progress of this asparagus rust is therefore
worthy of close attention and some apprehension. Mean-
time, attempts should be made to check it as much as possi-
ble by cleaning up the bed in the fall and burning the infested
tops, thus destroying countless numbers of spores. This
should be done as early as possible, before the spores shall
have become mature and scattered by the wind.
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A Lah Rust of the Blackberry (Chrysoniyxa albida, Kuh?i).
This rust, like that of the asparagus, has been long known
in Kurope, but only comparatively recently observed in this
country. It was first brought to attention in America in
1886, but, while it has been not uncommon since then, it
has never assumed any economic importance. Very likely
it has been more or less confused with the spring orange
rosl (Carina luminatum, Lk.), which it slightly resembles,
and on that account has escaped particular mention; still, it
is hardly probable that it has been generally prevalent. In
the season of 1894, however, it became decidedly abundant
in our plantations, and caused considerable apprehension. It
was also reported from other parts of the State, and threat-
ened to become a serious matter. In 1895 it appeared again,
but not so abundantly as in the previous season; and this
year its attacks have been very slight, so that there seems to
l>e no ground for fear of danger from this source at present.
Description. — This has been called the fall rust, to dis-
tinguish it from the spring rust, which appears much earlier
in the season, and is entirely distinct. The latter is a well-
known disease to fruit growers, as it causes much damage
and has been the subject of many experiments and pub-
lished articles. It attacks both blackberries and raspberries.
( hrysoinyxa albida comes on later, appearing in August and
continuing through the fall. It does not attack the rasp-
berry. It is one of the true rusts, having the three kinds
of spores, as in the asparagus rust. In this case, however,
it i- the avidia and uredo spores which are most prominent.
These appear in small, powdery, scattered, bright orange-red
>|>ot> on the under side of the leaf, and are consequently not
as prominent as the indications of the asparagus rust.
While the same conclusions as to the future may be drawn
in this case tfl in that of Puccinia asparagi, still, the results
of three years' observation on the blackberry rust indicate
that we have no great cause for alarm in that direction;
while in the other case, having no such definite knowledge,
we cannot but feel somewhat apprehensive until time shall
show what is to be the result.
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The Tomato Mildew (Cladosjwrium fulvum, Cke.).
The disease which is commonly called mildew is without
doubt one of the greatest obstacles to success in growing
tomatoes in the hot-house. While it does not always kill
the vines outright, still, its effect in weakening their vitality
and reducing their yield is a most serious one. We have
received specimens of tomato leaves affected by this disease
from several different localities, and have observed it in
greater or less abundance in almost every house of tomatoes
which we have examined. It also attacks tomatoes grown
out of doors, but by no means so generally as in the hot-
house.
When this disease comes on, there appear on the lower
surface of the leaves brownish, felt-like spots of irregular
shape and various sizes, which rapidly increase in extent,
until the whole leaf finally turns black and withers away.
It does not always spread so rapidly and kill the leaves at
once, but is often found only on the lower leaves, or in spots
which do not increase rapidly in size. Nevertheless, it is
constantly weakening the plant, and, let a favorable oppor-
tunity come, as come it will sooner or later, and it spreads
through the house with great rapidity and destructiveness.
The fungus consists of a dense mass of thread-like fila-
ments, which ramify through the leaf in all directions and
more or less upon its surface. The felt-like areas on the
under surface of the leaves are composed of a mass of spores
and the filaments which produce them. The spores germi-
nate readily in water, developing filaments similar to those
from which they were derived. This species belongs to a
group of fungi which are mostly moulds and mould-like
forms, growing upon dead vegetable matter or plants in a
weak and unhealthy condition. This mildew is especially
active in attacking such plants, upon which it produces the
above-described disastrous effect. Its development is also
greatly favored by excessive moisture in the air, i. e., a
"muggy" atmosphere, which indeed is favorable to the
development of most plant diseases. The tomato requires
a considerable heat for successful growth in the hot-house.
If, while the plants are growing rapidly, the temperature
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suddenly falls from any cause and they consequently receive
check in their growth, it will he a most favorable time for
in attack of the ever-ready enemy, the mildew. Poor ven-
1 ilation and partial exclusion of sunlight by crowding the
vines too close together will produce a muggy atmosphere,
and have a similar result. To prevent crowding, it is ad-
visihlc to trim up the vines somewhat and train them to
trellises or single stakes. Uniform heat, good ventilation
and free access of air and sunlight to all parts of the plant
will prove the most effective preventive of mildew. In our
climate, however, the first two conditions are liable to prove
antagonistic to each other; for in cold, windy weather it is
impossible to ventilate the house without greatly reducing
the temperature.
Spraying with the ordinary fungicides has proved effectual
in preventing this disease. The spraying should be done
about once in two weeks, commencing when the plants are
quite small. It is also a wise precaution in all hot-house
work to thoroughly clean up and burn all dead leaves, vines
and similar materials when a crop is removed, and, if pos-
sihle, fumigate the house with sulphur. The latter of course
cannot he done if there are any plants growing in the house.
Too often we find that such diseases as this are allowed to
devclope in the house, with no effort being made to check
them. So long as the plants are not killed outright, many
growers seem to think that no damage is done. This is cer-
tainly not the case, for the presence of the fungus is a con-
stant drain upon the vitality of the plant, reducing its yield
both in quantity and quality. The practice of spraying,
which can he done at an insignificant cost per plant, will, if
properly carried out, prove both effectual and profitable.
A Chrysanthemum Bust.
Specimens of diseased chrysanthemum leaves which have
been sent in to the station for examination prove to be
affected with one of the true rusts, the first, so far as we
know, to be reported upon this host. The specimens were
sent by Mr. Geo. II. Hastings of Fitchburg, Mass., who
writes as follows : —
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The '-rust" is quite common on the chrysanthemum leaves.
Iu the advanced stages it completely kills the leaf. It seems to
me that it is a very bad enemy to fight. I had plants enough to
bring seventy-five or a hundred dollars worth of flowers, and
I would not sell one flower, as I did not wish to have the name of
selling such flowers. The plants were grown in the garden and
''lifted" about the middle of September. The rust was on the
leaves at that time, aud some of them were dead.
The rust was in tbe uredo or red-rust stage, and proved to
be a form closely resembling and probably identical with
Puccinia Tanaceti, S. (P. Heliantbi, D. C), which occur-
commonly upon Tanacetum vulgare (tansy), several species
of Artemisia (ragweed) and Helianthus (sunflower), and
several other related plants. Upon these plants it sometimes
acts most destructively, as it has done in this instance upon
the chrysanthemum. It bids fair to become a serious obstacle
to the cultivation of this valuable flower.
Experience has shown that in the development by culti-
vation of any plant, as it becomes changed more and more
from its natural form and forced into an abnormal develop-
ment, its power to resist the attacks of disease becomes
diminished. For this reason reports of new diseases upon
our various cultivated plants are of frequent occurrence.
All such diseases are certainly not new in the sense of being
caused by a kind of organism which never existed before,
but only new upon some particular kind of plant, which has,
by reason of its forced and abnormal development, lost the
power to resist the attacks of the parasite, which has ex-
isted all along upon some other kind of plant, and very
likely in a milder form.
The chrysanthemum in its present form is a comparatively
new plant in this country. Its great popularity has led
growers to make extraordinary efforts to force its develop-
ment along certain lines, notably in size of flowers. The
production of flowers eight inches in diameter by a plant
destined by nature to produce them less than quarter that
size cannot be accomplished without bringing about serious
changes in the vital functions of the plant, and making it
more susceptible to disease. Therefore the list of chrysan-
themum diseases may be expected to gradually increase, as
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it is now doing. At least two have been previously known.
The leef spot (Septoria sp. and Phyllostica sp.) was first
described by Professor Halsted of the New Jersey Experi-
ment Station several years ago, and occasions more or less
damage. The mildew (Erysiphe Cichoracearum D. C.)
has appeared more recently, and is rapidly increasing. This
has a history very similar to that of the rust under consider-
ation, being very common on Helianthus and Artemisia, as
well as many other plants.
We ean make no definite recommendations at present as
to a treatment for this rust, it having been reported so late
in the year. The true rusts are notoriously difficult to com-
bat ; the most so, perhaps, of any class of diseases. Many
methods of treatment have been tried, but few with deci-
sively profitable results. That panacea of plant diseases, the
Bordeaux mixture, has been frequently recommended and
tried for various rusts, with widely varying results. The
same ean be said of another common fungicide, the ammo-
oiaeal copper carbonate. Stewart, of the New York Experi-
ment Station, reports, in the case of the carnation rust
(Uromyoes Caryophyllinus (Schrank) Schrt.), that a solu-
tion of potassium sulphide, one ounce to one gallon of water,
was most effective. This strength might injure chrysanthe-
mum leaves. One ounce to four or live gallons of water
would be safer, but not, of course, as effective. With the
hollyhock rust (Puccinia Malvacearum, Mont.), a very
destructive disease, Mr. II. L. Frost of Arlington informs
us that he has tried the Bordeaux mixture and also the com-
mercial fungicide called " Fostite," with results in favor
of the latter. It is possible, then, that some of these sub-
stances may be effective in preventing this chrysanthemum
rust, but we cannot vouch for it. It would certainly be
advisable to spray the plants occasionally with the Bordeaux
mixture or w ith potassium sulphide, commencing in the sum-
mer9 when they are young and before any disease appears. If
the plants are healthy when put into the house, one or two
sprayings thereafter should be sufficient to carry them through
the season. All plants known to be diseased should be
removed and burned.
We would urge any grower who has been troubled with
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any disease of his chrysanthemums to carry on a series of
experiments with various fungicides, in order to get at some
idea of the best method of treatment. Without such co-
operation on the part of the grower we can do but little
toward remedying such a disease as this, which does not
occur everywhere, and consequently can only be experi-
mented upon wherever it may happen to break out. The
same is true with many other diseases, especially those
affecting various hot-house plants. If we could plant chrys-
anthemums and be sure of getting rust, mildew and leaf spot,
and similarly with other plants, if we could be sure of getting
all their diseases, then our opportunities for experiment would
be unlimited ; but such, of course, is not the case. While
some diseases are very general, many others appear only
here and there, and the opportunities for experiment are
limited to those places. VVe will gladly aid any one as
much as possible in carrying on such experiments, and will
give them our personal attention so far as we may be able.
'
« Drop " of Lettuce.
This disease has been for the last few years the most diffi-
cult one with which the lettuce growers about Boston have
had to contend. Some growers always have a large number
of plants attacked, while others have it so badly that they fre-
quently lose half the crop. The annual loss to the lettuce
growers about Boston from this disease alone amounts to
several thousand dollars. The effect of the disease shows
itself in a single night, and it is not very difficult to detect,
inasmuch as the whole plant simply collapses. It not only
makes its appearance on the young plant a few weeks old,
but on the mature ones as well. Lifting the diseased plant
out of the soil, it shows at once that the trouble is localized
in the soft, rotten stem, which is not unusually covered with
fungous growths sufficiently thick to be seen with the naked
eye. Examination made with the microscope reveals the
presence of numerous fungous filaments ramifying through-
out the stem and root. The organism causing the disease is
a species of damping fungus (Botrytis), which has previously
been described in the ninth annual report of this station.
HATCH EXPERIMENT STATION. [Jan.
Practical lettuce growers resort to various methods in order
to contend with this foe, but none of them have proved wholly
effectual. Most of them recognize the fact that the source of
contamination is largely in the soil, and that the disease is
much more troublesome in old soil than in new. This is
what might be expected, especially when the old decompos-
ing roots are left In the soil, as they often are, thus offering
i lie most favorable conditions for the spread of the disease.
Aj a means of controlling it, some growers have resorted to
nhftnerino the soil, with beneficial results ; while others make
a practice of covering the surface with a layer of pure sand
or yellow subsoil, about one inch in depth. The burning
of sulphur in the house before a new crop is set is also
practised, and this might be expected to kill the spores with
which it comes in contact ; but it is very doubtful whether
the sulphur affects the spores in the soil to any great extent.
It appears, however, that sulphur penetrates the soil some-
what, and, on account of the injury which young plants are
known to receive from sulphur, they should not be set for a
few days after it is used.
The disease appears to be more common than formerly, and
this is partially due to the practice of running high night tem-
peratures. The collapse of the plant is most likely to occur
during the night, and with a lower night temperature— for
example, one not exceeding 38° to 40°F.— the trouble would
no doubt occur less frequently. The opportunities for treat-
ing the soils with chemicals do not appear to us to be very
promising, for the reason that solutions which would be likely
to cause the death of the fungus would have to be used in
very large quantities, as well as much stronger than in ordi-
nary cues, and they would be likely to cause injury to the
crop. My experiments in applying a great variety of chemi-
cals to the soil have shown that, while a comparatively weak
solution accomplishes all that can be desired in the labora-
tory, when applied to the soil the effect of even much stronger
solutions more copiously applied is radically different. So
long as the tendency is to force crops more and more, it
must be expected that the gardener will have numerous ab-
normal conditions to contend with.
No doubt the most successful and I believe the cheapest
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method in the long run would be to apply heat as a remedy
for fungus and other pests in the soil. I have used a great
many pots of earth heated with steam up to 130° to 200°F.,
with the most beneficial results, not only in the subsequent
growth of the plant, but also in destroying the troublesome
pests which infest the soil. The soil under glass could be
easily fitted up with a system of irrigating tile, which could
be used not only for purposes of irrigation, but also for forc-
ing steam through them and partially sterilizing the soil. I
have not as yet had an opportunity of treating this fungus
with heat, but I should suppose that, if the soil was heated
to 200° F., it would result in its death.
Physiological Disorders.
Wilt ofMaple Leaves.
Last May a number of maple leaves in a dry and crispy
condition were sent to this department from various parts of
the State, under the supposition that they were affected by
some form of fungus or insect life. Examination of the
leaves, however, by Mr. Kobert A. Cooley of the insectary,
showed that no form of either of these organisms could be
found. All of the leaves that were sent in were those of the
sugar maple (Acer saccharinum), although the same con-
dition was observed in a lanre number of different varieties
of Japanese maple growing on the college grounds. More-
over, they showed the wilt only on one side of the tree,
namely, the west, that being the direction of the prevailing
wind the day upon which they were affected ; and this pecul-
iarity— so far as could be learned— was the same all over
the State. This phenomenon is especially interesting, as it
occurs on apparently healthy trees under certain exceedingly
unusual conditions, — conditions, too, which, lasting only a
few hours, are yet capable of giving rise to abnormalties of
function. We attribute the wilting of sugar-maple leaves,
which occurred quite generally throughout Massachusetts on
May 18, to an excessive transpiration or evaporation of water
from the leaves, at a time when the water supply of the roots
was extremely limited. This was brought about by a re-
markable combination of meteorological conditions favorable
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to this result. It is well known to vegetable physiologists
that agitation of the leaves of a plant greatly accelerates the
prooett of transpiration, that is to say, the evaporation of
water from the leaves. It is also well known that transpira-
tion is accelerated by light, a low relative humidity and a
high temperature. Such were just the conditions upon May
IS.
* During the months of April and May the rainfall was
far below the normal, while the long-continued drouths of
the two preceding years will be well remembered. Thus it
is evident that the supply of water available to vegetation
must have been much less than usual, and under the unusu-
ally strong, dry and warm w ind of May 18, the leaves of a
tree like the maple, with its large leaf surface, might be ex-
peeted to become greatly exhausted and wilt badly. When
this wilting was not carried to excess the leaves recovered;
when, however, it went too far, it resulted in a dying and
subsequent shrivelling of the foliage.
Another factor which must not be overlooked in accounting
for this disorder is the maturity of the foliage. Young
leaves always give off the greatest amount of Avater, and
the maple leaves in May are giving off their maximum
quantity.
With plenty of water in the soil these high winds would
not have caused any wilting; or, if the same conditions
had ensued during August or September, when the foliage
was more mature, less wilting would have resulted. The
West side of the trees, being the side exposed to the prevail-
ing winds, was the most severely affected.
Top-burn of Lettuce.
A disease occurring on greenhouse lettuce, and character-
ize! as "top-burn" came under our observation the past
winter. The disease can readily be distinguished by the
withering and subsequent turning back of the tip and margin
ot the outer leaves, the blackened area sometimes extending
inwards an inch or more from the margin. This feature
greatly disfigures the plant and consequently affects its
• Meteorological conditions wne as follows: total precipitation, April, 1896, 1 32
April. 1896, 540 inches; May 1-18, 1896, .16 inch. May 18, maximum
velocity of «,„,! :i mile* ])0r hour; relative humiditv, 47.31 (average for May,
n a
I i
numWv hours suiuhine, 13 0" possible 14*) ; maximum temperature, 84°.
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market value, but the real damage to the lettuce plant is
never sufficient to destroy it. Microscopic examination of
the blackened areas frequently shows bacteria in the cells,
hut more often the "damping fungus" (Botrytis) is pres-
ent, and can be readily observed with the naked eye. In
this instance, however, neither of these forms of organisms
has anything to do with the cause of the disease. They are
dimply accompanying factors, which are always ready to
seize upon any abnormal condition in the plant which is
especially favorable to them. The disease is a physiological
one, and has its origin in the unfavorable surroundings of the
plant, especially those connected with transpiration and
sunlight. Mr. B. T. Galloway of the United States Depart-
ment of Vegetable Physiology and Pathology has made this
disease a study, and I can do no better than to quote his
vie^ws :—
Top-burn, one of the worst troubles of the lettuce grower, does
comparatively little injury on this soil [Boston soil], providing
the proper attention is given to ventilation and the management
of the water and heat. Burn is the direct result of the collapse
and death of the cells composing the edges of the leaves. It is
most likely to occur just as the plant begins to head, and may be
induced by a number of causes. The trouble is most likely to
result on a bright day following several clays of cloudy, wet
weather. During cloudy weather in winter the air in a greenhouse
is practically saturated, and in consequence there is a compara-
tively little transpiration on the part of the leaves. The cells,
therefore, become excessively turgid, and are probably weakened
by the presence of organic acids. When the sun suddenly appears,
as it often does after a cloudy spell in winter, there is an imme-
diate rapid rise in temperature, and a diminution of the amount
of moisture in the air in the greenhouse. Under these conditions
the plant rapidly gives off water, and, if the loss is greater than
the roots can supply, the tissues first wilt, then collapse and die.
The ability of the roots to supply the moisture is affected by the
temperature of the soil, the movement of water in the latter and
the presence or absence of salts in solution. In this soil the tem-
perature rises rapidly as soon as the air in the greenhouse becomes
warm, and the roots in consequence immediately begin the work
of supplying the leaves with water. The movement of the water
in the soil is also rapid, so that the plant is able to utilize it
rapidly. 1
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While I have never seen the disease in the lettuce houses
about Boston, the -rowers seem to be acquainted with it;
and it is no doubt the superior skill which they possess that
enables them to be tree from it. One grower informed me
that he always saturated his house with moisture in bright,
sunshiny days which were preeeded by cloudy weather, and
by this means was able to prevent it.
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KEPOET OF THE ENTOMOLOGIST.
CHARLES H. FERNALD.
In the early part of 1896 the gypsy moth report mentioned
last year was published by the State. This work consists
of a bound volume of 608 pages, with 3 colored and 63 un-
colored plates, and with 5 maps and 37 cuts in the text.
The first part, comprising 263 pages, was prepared by the
field director, and the second part, 244 pages, by myself,
while the Appendix of 100 pages contains the reports of
visiting entomologists and other papers. This work repre-
sents all that we were able to learn, up to the time of publi-
cation, of the history and habits of the notorious gypsy moth,
its ravages in foreign countries as well as in our own. the
means used for fighting it in other lands and also its natural
enemies. Our experiments with methods for the destruction
of this insect are still in progress, and occupy a large amount
of time in study and work.
Quite extended studies have been carried on during the year
on the spruce gall-louse (Chermes abietis Linn.), mainly by
my assistant, Mr. R. A. Cooley, who with great care and per-
severance has worked out the life history of this insect, which
causes peculiar cone-like galls to form on the twigs of different
varieties of spruce, rendering them unsightly and qften nearly
destroying them. The results of these studies are published in
the thirty-fourth annual report of the college, with two plates
showing the work and different stages in the life of this insect.
Mr. Cooley was fortunate enough in his experiments to dis-
cover a good practical remedy for this insect, which consists in
spraying the trees with a strong solution of whale-oil soap
at the time these insects are in the most exposed state, which
occurs during the winter or in the early spring, and also to
cut off and burn the new galls in June before the insects
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leave them. About five hundred eircular letters were sent
to all parts of the country last spring, and from the replies
to these it appears that this insect already has a wide distri-
bution in this country, and it is quite probable that in time
it may Income distributed wherever spruces grow.
Considerable time has been devoted to the study of cran-
berry insects during the summer, three trips having been
made to the bogs on Cape Cod at the most favorable time for
the study of these insects. There are, however, so many
different species attacking the vines, and their mode of attack
is so different one from another, that to learn their habits
and the most effectual and economical method of destroying
them forms a problem of no easy solution. We are there-
fore not yet ready to publish a final bulletin on these insects.
The army-worm has been unusually abundant the past
year in many parts of the State, and numberless calls have
been made on this department for information concerning
the Insect ; in fact, the correspondence about the army worm
during the summer was far greater than that of all other
insects combined. Fortunately, we had already published
a bulletin on this insect, and Mr. Kirkland, my assistant on
the gypsy moth work in Maiden, published an article on the
army-worm in the " Crop Report" for September, 1896. It
is not possible to foretell whether this insect will occur in
injurious numbers next summer; but such a case would be
quite unusual, as it has very rarely if ever in the past been
abundant in the same locality two years or more in suc-
cession.
The elm-leaf beetle has not been so abundant in this State
during the past summer as it was the year before, and this is
true, as 1 learn, in other States. What the real cause of this
decrease in numbers may be, I do not know. It may be due
to a rapid increase of its vegetable parasites favored by a wet
season. This, however, is all conjecture, as I have no posi-
tive evider.ee in the case.
The San .lose scale has occupied much attention
;
and, at
the request of the president of the Shady Hill nurseries, I
sent an assistant to make a critical examination of their stock
at Bedford, Mass., and he reported to me that he discovered
a large amount of infested stock in that nursery, which the
1897.] PrBLIC DOCUMENT— Xo. 33. 87
president promised to have burned. An examination made
late this fall reveals the fact that the scale has not been
entirely cleared from it. How widely this scale may be dis-
tributed in this State I am not able to say.
On the 12th of May I received a letter from L. C. Holt,
Esq., of Ashby, Mass., and also a box of caterpillars which
he stated were in immense quantities on the blueberry bushes,
entirely stripping them of their leaves, and that unless some-
thing were done at once there would be no blueberry crop,
and this would be a great misfortune, as many poor people
derived quite a revenue from the berries picked from these
bushes. The caterpillars proved to be the currant span
worm (Diastictis ribearia Fitch) ; but the great difficulty
which now presented itself was to offer some remedy which
would not be as expensive as the value of the crop. I could
think of no better or cheaper mode of destroying these span
worms than to spray the bushes with Paris green in water,
in the proportion of one pound of the former to one hundred
and fifty gallons of the latter, and advised this course, if the
crop was of sufficient importance to warrant the expense.
This is the first time I have ever heard of this insect attack-
ing the blueberry.
On the 17th of November I received a letter enclosing
some twigs with scale insects on them from Mr. James
Draper, who wrote me that they were taken from a golden-
oak tree in one of the gardens of the city of Worcester, Mass.
The scales proved to be what is known by the name of Plan-
ckonia quercicola, a European scale insect which has been in
this country for some time. The first account of it here, so
far as I know, was given in the report of the Department of
Agriculture for 1880, page 330, where it is stated that it was
found upon the imported oaks in the Department of Agri-
culture grounds at Washington. The insect has been found
in Xew Jersey and also in New York, as I am informed by
Professor Howard. It is regarded as a very injurious scale,
and every effort should be made to destroy it by cutting off
and burning the infested twigs, and thoroughly spraying the
trees with whale-oil soap dissolved in water.
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REPORT OF THE CHEMIST.
DEPARTMENT OF FOODS AND FEEDING.
J, B. LlNDSI 1
A^i tants E. B. Holland, G. A. Billings,* B. K. Jones.
Part I.
Laboratory Work.
Outline of year's work, together with chemical investigations
of a technical character.
Part II.
Feeding Experiments and Dairy Studies.
(a) Effect of narrow and wide rations upon the quantity and cost
of milk and butter, and upon the composition of milk.
(f>) Rice meal v. corn meal for pigs,
(c) ():it feed v. corn meal for pigs.
(</) Digestion experiments with sheep.
Part III.
Compilation of fodder analyses.
Compilation of fertilizer constituents of fodders.
Compilation of analyses of dairy products.
Compilation of digestion cocflicients.
• Left Sept. 1, 1896.
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Part I.
We have continued to analyze, free of cost, all feed stuffs,
dairy products and waters sent to the station during the year.
Results have been reported as promptly as possible, together
with such comments as were considered necessary. There
have been tested 63 samples of feed stuffs, 89 samples of
whole milk, 11 samples of skim-milk, 9 samples of cream and
6 samples of butter; also 31 samples of milk and 20 samples
of butter for the Dairy Bureau. These results are tabulated
at the end of this report.
There have also been examined 134 samples of water, of
which 10, or 7.5 per cent., were pronounced excellent; 50,
or 37.5 per cent., fair; 39, or 29.1 per cent., suspicious;
and 35, or 26.1 per cent., dangerous for drinking purposes.
In addition to the analyses above mentioned, which may
be regarded as control work, we have made a very large
number of analyses of feed stuffs, manures and milks, in con-
nection with various animal experiments.
We have also spent considerable time in attempting to
estimate some of the various substances composing the non-
nitrogenous extract matter, and have compared different
methods for the determination of starch in different feed
stuffs, with a view of selecting one that will most correctly
ascertain the true starch, when in combination with other
substances of a similar nature. The results of some of
the work are very briefly presented under the following
heads : * —
1. Remarks relative to the carbohydrates of agricultural
plants and seeds.
2. Distribution of galactan.
3. Thephloroglucin methodfor the estimation ofpentosans.
The work reported under these headings is of a technical character.
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SOME REMARKS RELATIVE TO THE CARBOHY-
DRATES OF AGRICULTURAL PLANTS AND
SEEDS.
J. ]i. LINDSEY.
Agricultural chemists have divided the dry matter of
plants into five groups of substances, namely, crude ash,
crude tibre, crude fat or ether extract, and non-nitroge-
nous extract matter. These terms, as is well known, do not
tend tor single ingredients, but rather for groups of sub-
stances having similar characteristics. The terms crude
fibre and extract matter are spoken of collectively as carbo-
hydrates. Our knowledge of the individual substances com-
posing the fibre* and extract matter has until recently been
rather vague. The investigations of Tollens, Schulze and
their pupils have, however, thrown considerable light, and
revealed the presence and characteristics of many of the sub-
stances entering into their composition. The crude fibre of
agricultural plants, as prepared by the method employed by
Henneberg and Stohmann, is now known to consist princi-
pally of dextroso-cellulose (a hexa-cellulose), combined with
mure or less lignin or lignin acids. The fibre has also been
found to contain considerable pentosan, so intimately asso-
ciated with the hexa-cellulose as to be considered a penta-
cellulose. Whether the penta-cellulose is actually united
with the lignin as a ligno-cellulose is uncertain. The true
celluloses are characterized principally by their nearly eom-
plete insolubility in dilute mineral acids and in F. Sehulzes'
reagent, and by their solubility in copper ammonium oxide.
WTien cellulose is dissolved in quite concentrated sulphuric
dd, : »'<l the resulting product hydrolized with dilute acid,
Schulze has as a rule obtained dextrose
; hence the name
dextroso-cellulose. Schulze found that the cellulose obtained
from wheat bran, peas and lupine seeds yielded only dextrose
;
thai obtained from rye straw, lupine pods, spruce wood and
1897.] PUBLIC DOCUMENT— No. 33. 91
red clover, gave dextrose and xylose ; while that prepared
from the coffee bean, cocoanut and sesame cake, yielded
dextrose and mannose. There exist, therefore, dextroso-,
mannoso- and pentoso- celluloses. That the so-called crude
fibre is not pure cellulose, but in addition to both hexa- and
penta- cellulose contains more or less lignin, is probable from
the fact that it is colored a bright red by phloroglucin and
hydrochloric acid, and because it contains a higher percent-
age of carbon than pure cellulose. When the dried and
finely ground plant or seed is treated according to the
Weender method, a considerable portion of the lignin is
split off, and reckoned as extract matter.
The term non-nitrogenous extract matter is meant to in-
clude all substances, not included within the other four
groups, that are removed by means of dilute acid and alkali.
In case of the grains, the extract matter is known to con-
sist largely of starch ; but when derived from coarse fodders,
leguminous seeds and many by-products, its composition has
been, until the investigations of Tollens and Schulze, but
little understood.
To these carbohydrates that can be removed from the
plant by the action of dilute mineral acid and alkali, and
that are as a rule soluble in F. Schulze's reagent, E. Schulze
has applied the name hemi-cellulose. Under this head he
would bring the mother substances, dextran, levulan, man-
nan, galactan, araban and xylan, which yield, on inversion,
the sugars dextrose, levulose, mannose, galactose, arabinose
and xylose. It is the mother substances of these sugars and
probably others of a similar nature not yet identified, to-
gether with ready-formed sugars, starch, and a portion of
the lignin, as above alluded to, which constitute the extract
matter. These hemi-celluloses are intermixed with the true
celluloses and ligno-celluloses in the cell walls of plants and
seeds. In some cases they have been recognized as reserve
material, and are used as food in the sprouting of the seed.
The levulan and mannan do not appear to be generally dis-
tributed. The araban and xylan (pentosans), on the other
hand, constitute fully one-third of the extract matter of all
hays and straws
;
they are quite prominent in the hull and
bran of different grains and seeds, and are even found in the
endosperm and cotyledons of many seeds.
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THE DISTRIBUTION OF GALACTAN.
J. B LIHDSET and E. B. HOLLAND.
Galactan, one of the hemi-celluloses, was first extracted
from lucerne seeds by Miintz,* and was converted into galac-
tose by boiling with dilute acid. E. Schulze f and his co-
workers found galactan quite prominent in the seeds of the
blue lupine. The finely ground seeds were extracted with
ether, alcohol, one per cent, soda solution at a low tempera-
ture to remove albuminoids, washed with water, and the
residue boiled with dilute sulphuric acid. The solution was
afterwards neutralized with barium carbonate, filtered, and
evaporated to a syrup. This syrup was extracted with
hot alcohol, and the alcoholic solution on slow evaporation
yielded sugar crystals which proved to be galactose. The
mother substance, yielding galactose, was also found to con-
tain a pentose (probably arabinose). Schulze, therefore,
called the substance para-galactoaraban. An examination
of the pea, soy and field bean, showed the presence of the
same substance. The coftee bean, date seed, palm and
eoeoanut cake proved the presence of galactan and mannan
in liberal quantities, indicating the presence of a substance
which might be termed galactomannan. Whether these
substances are chemically united into complex molecules, or
whether they are simple mixtures, it is hardly possible to
state.
As a result of this work, Schulze assumed that the heini-
cellulose galactan might be very generally distributed in
agricultural plants; and, if such should be the case, it must
be of importance as a source of nutrition.
• Hull. Soe. Chim. f_>) :57, p. 409.
t Eaittdi fur phvsiol. chem. Bd 14. Heft 3; Zeitsch fur phvsiol. chem. Bd 16,
Hefts 4 ami f».
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Recognizing the comparatively few fodder plants and seeds
that had been tested for galactan, we thought it would prove
interesting to make a quantitative estimation of the amount
of the substance present in all the more important feed stuffs.
While the method employed by Schulze, namely, the invert-
ing of the galactan with dilute mineral acid and allowing the
resulting sugar to crystallize out, is of course a sure proof
of the presence of galactose, if properly identified, it does
not admit of a quantitative estimation of the sugar. We
therefore had recourse to the indirect method of estimating
the mucic acid, as a measure of the quantity of galactose
present. Scheele * was the first to recognize that by the
oxidation of milk sugar, mucic acid resulted. Pasteur t
found that it was the galactose of the milk sugar that yielded
mucic acid. Tollens and Kent,! after numerous experiments,
proposed the following method for obtaining the largest
amount of mucic acid both from milk sugar and from galac-
tose. They evaporated 100 grammes of milk sugar with'
1,200 c.c. of nitric acid of 1.15 specific gravity in a water
bath to one-third of its volume, allowed the solution to stand
twenty-four hours for the mucic acid to crystallize out, then
filtered onto a tared filter and dried and weighed it. This
method yielded 37 to 40 per cent, of mucic acid. \Yhen
pure galactose was used, a double quantity— 74-77 per
cent. — was obtained. § Rischbieth, Creydt, Hadecke and
Tollens still further perfected the method, and used it in
ascertaining the galactan in a variety of substances. This
perfected method we have used with but slight modifications
in the estimation of galactan in the substances which follow.
Method. — Three grammes of the substance were brought
into a beaker about 5.5 cm. in diameter and 7 cm. deep,
together with 60 c.c. of nitric acid of 1.15 specific gravity,
and the solution evaporated to exactly one-third of its volume
in a water bath at a temperature of 94 to 96 degrees C. After
standing twenty-four hours, l0 c.c of water are added to the
precipitate, and it is allowed to stand another twenty-four
* Opuscula cliemica et physica, Leipsig, 1789, p. 111.
f Comp. rend. 42, p. 347.
+ Ann. Chem. 227, p. 221.
$ Landw. Versucns-Stationen 39, p. 401.
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boon. The mucic acid has in the mean time
crystallized
oat, but is mixed with considerable material only partially
oxidized by the nitric acid. The solution is therefore filtered
through filter paper, washed with 30 c.c. of water, to remove
a* much of the nitric acid as possible, and the filter and con-
tents brought back into the beaker. Thirty c.c. of ammo-
nium carbonate solution* are now added, and the beaker
brought into a water bath and heated gently for fifteen min-
utes. The ammonium carb >i;atc takes up the mucic acid,
forming the soluble muciate of ammonia. The solution is
now filtered into a platinum or porcelain dish, and the
residue thoroughly washed with water to remove all of the
muciate of ammonia. The filtrate is then evaporated to
dryness over a water bath, and 5 c.c. of nitric acid of 1.15
specific gravity are added, thoroughly stirred and allowed to
Stand for thirty minutes. The nitric acid decomposes the
ammonium muciate, precipitating the mucic acid, which is
now filtered onto a tared filter, or into a Gooch crucible,
washed with 10 to 15 c.c. of water, with 60 c.c. of alcohol
and quite a number of times with ether, dried at 100° C. for
a short time, and weighed. The mucic acid multiplied by
1.33 gives galactose, and this multiplied by .9 gives galactan.
The method gives fairly good results, but, like other
methods that are employed in estimating substances formed
by physiological processes, absolute accuracy is hardly to be
i x | >ected. For example, when extracting the mucic acid from
the impurities with ammonium carbonate, more or less ofthe
partially decomposed organic matter is dissolved out, which
is again precipitated by the addition of the nitric acid. After
the mucic acid is filtered and washed with alcohol and ether,
a considerable portion of this material is dissolved out ; some,
however, still remains, and gives the otherwise white mucic
acid a grayish color. It is possible that such a condition
might l>e obviated by previously treating the substance to be
vxnmined with alcohol, ether and one per cent, soda solution
in the cold, in order to remove fat, coloring matter and pro-
tein substances. Whether this could be done without loss
ofany of the substance is a question for further study.
part ammonium carbonate, 19 parts water and 1 part strong ammonia.
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Results.
Coarse Fodder.
Galactose. Galactan.
Per Cent. Per Cent.
English hay, 1.01 .91
High-grown salt hay, ...... .93 .84
Black grass, .71 .64
Corn stover, .76 .68
Oat straw, .81 .73
Rye straw .63 .57
Fodder millet, .95 .86
Canada beauty pea fodder, ..... 3.09 2.78
Medium red clover fodder 3.73 3.36
Alsike clover fodder 4.25 3.83
Mammoth clover fodder, ..... 3.77 3.39
Concentrated F< > ds.
Corn meal, .05 .05
Wheat meal, .23 .21
Oat meal, .81 .73
Barley meal, .55 .50
Wheat bran, .43 .39
Millet meal, .67 .60
Linseed meal, 1.31 1.15
Cotton-seed meal, .63 .57
Rice meal, 1.04 .96
Rape seed 1.07 .96
Brewers 1 grain, .56 .50
Malt sprouts, .43 .39
Dwarf horticultural bean, .68 .61
Green soy bean, .67 .60
Black soy bean .92 .83
Bush lima bean, .79 .71
Pole lima bean, .66 .59
Black wax bean (dwarf), .52 .47
AVhite pot bean, .53 .48
Horse bean, 1.83 1.65
Canada beauty pea, .63 .57
Prussian blue pea, ...... .75 .68
English gray pea, .84 .76
Little gem pea, 1.16 1.04
Wonder pea, 1.62 1.46
Pea meal, 2.69 2.42
Vetch seed, 1.17 1.05
Serradella seed .66 .59
Medium red clover seed, 2.77 2.49
Mammoth clover seed, 3.63 3.27
Crimson clover seed, 3.49 3.14
Alsike clover seed, 8.96 8.06
Sweet clover seed 6.00 5.40
White clover seed, 10.08 9.07
Alfalfa seed, 5.23 4.71
Wrhite lupine seed, 13.84 12.46
Blue lupine seed, 16.29 14.66
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Many of the substances tested show less than one per
cent, of galactan, and we are not certain in many cases,
because of the small amount of precipitate obtained, whether
the material weighed really was mucic acid or partially
decomposed organic matter. All substances, therefore, con-
taining loss than one per cent, of galactan, may be for the
present characterized as doubtful. To settle the presence or
absence of very small amounts of galactan, we shall either
|>e obliged to still further perfect the method, or work with
larger quantities. Tollens states that mucic acid melts at
813 degrees C. We have tested the melting point of the
precipitate in cases when there was sufficient present, and
found a melting point of about 215 degrees C.
The results as given above show the presence of very
small amounts of galactan in the non-leguminous coarse
fodders and -t eds. In the leguminous plants from three to
four per cent, are present, while in case of the leguminous
seeds, several varieties of beans and peas appear to contain
verv limited quantities, but the larger number of such seeds
tested show from H to as high as 14 per cent. With the
exception of the lupines, the clover seeds contain the largest
amounts, the seeds of white variety containing 9 per cent.
The above results are merely a report of progress. They
show, however, that the galactans are not as widely dis-
tributed nor present in such large quantities as are the pen-
tosans, and therefore do not play such an important part as
do the latter in the process of nutrition. We propose to
continue the investigation of the distribution of these sub-
stances, and also to determine their digestibility.
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THE PHLOROGLUCIN METHOD FOR THE ESTI-
MATION OF PENTOSANS.
J. B. LINDSEY and E. B. HOLLAND.
Councler* has suggested that, instead of phenylhydrazin,
phloroglucin be employed for the precipitation and estima-
tion of furfurol obtained by the distillation of various sub-
stances, with dilute hydrochloric acid. Kruger and Tollens f
have further studied and perfected the method, and recom-
mended it as reliable for the estimation of pentosans in vari-
ous coarse fodders, grains and vegetables.
The phloroglucin, like the phenylhydrazin method, is
based on the fact that the pentosans (araban, xylan, etc.)
differ from other carbohydrates in that they yield furfurol
instead of levulinic acid upon digestion with moderately
dilute hydrochloric or sulphuric acids. The first step neces-
sary in both processes for a quantitative estimation is the
conversion of the pentosans into furfurol and its separation
from the resulting by-products.
Phloroglucin Method described.
Three grammes of the material are brought into a ten-
ounce flask, together with 100 c.c. of 12 per cent, hydro-
chloric acid (specific gravity, 1.06), and several pieces of
recently heated pumice stone. The flask, placed upon wire
gauze, is connected with a Liebig condenser, and heat ap-
plied, rather gently at first, and so regulated as to distil over
30 c.c. in ten to fifteen minutes from the time that boiling
begins. The 30 c.c. driven over are replaced by a like
quantity of the dilute acid, by means of a separatory funnel;
and the process so continued as long as the distillate gives a
pronounced reaction with aniline acetate on filter paper (a
* Chemikerztg, 1894, No. 51. f Zeitsch. far Ang. Cliem., 1896, Heft II.
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few drops of aniline in a little 50 per cent, acetic
acid). To
the completed distillate is gradually added a quantity of
phloioglncin* dissolved in 12 per cent, hydrochloric acid,
and the resulting mixture thoroughly stirred. The solution
first turns yellow, then green ; and very soon an amorphous
greenish precipitate appears, which grows rapidly darker,
till it finallv becomes almost black. The solution is made
up to 500 c.c. with 12 per cent, hydrochloric acid, and
allowed to stand over night. In case there is very little
hu furol in the substance tested, and the resulting distillate
consequently small, it is best to add sufficient 12 per cent,
hydrochloric acid to the distillate before adding the phloro-
gfado solution, so that, upon the addition of the latter
solution, the resulting mixture will contain approximately
500 c.c.
The amorphous black precipitate is filtered into a tared
Gooch crucible through an asbestos felt, washed with 100
c.c. of water, dried to constant weight by heating three to
four hours at 100 degrees C, cooled and weighed, the in-
crease in weight being reckoned as phloroglucid. To calcu-
late the furfurol from the phloroglucid, f use the following
table : —
TOTAL WEIGHT OF
rilLoROT.LUCID OBTAINED.
Divided by,
equals
Furt'uroL
TOTAL WEIGHT OF
PHLOROGLUCID OBTAINED.
Divided by,
equals
Furfurol.
.2<^ gramme,
.22 u
!$4 * .
.
.26
.28
.30
.
.32
1.820
1.839
1.856
1.871
1.884
1.895
1.904
.34 gramme,
.36
.38
.40
.45
.
.50-j- "
1.911
1.916
1.919
1.920
1.927
1.930
Furfurol ~ by grammes substance taken x 1.84 = pentosans.
Furfurol -4- by grammes substance taken X 1.65 = xylan.
Furfurol by grammes substance taken x 2.03 = araban.
• Dissolve twice as much dry phloroglucin as furfurol expected in about 50 c.c. of
12 per not hydrochloric acid. Bring the hydrochloric acid into a water bath, and
htir thoroughly till the phloroglucin goes into solution.
t The phloro-rlucid is a complex substance, of uncertain formula. It contains 63
to GI per cent, of carton and from 3.6 to 4.2 per cent, of hydrogen. The factors for
calculating the amount of furfurol from the phloroglucid were obtained after experi-
menting with known amounts of pure furfurol and phloroglucin.
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The amount of pentosans was estimated by both the
phenylhydrazin and the phloroglucin methods in the fol-
lowing substances : —
Phenylhydrzi- Phloroglucin
zin Method Method
(Per Cent.)- (Per Cent.).
21.28 22.50
High-grown salt hay, 25.64 25.74
24.65 26.43
Low meadow fox grass, 27.98 27.91
Buffalo gluten feed, 16.45 16.00
9.42 9.64
With two exceptions the two methods show very closely
agreeing results. We propose to still further compare these
methods in the near future. The phloroglucin method, on
account of its greater simplicity, is much to be preferred.
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Pabt II.
(a) THE EFFECT OF NARROW AND WIDE RA-
TIONS o \ THE QUANTITY AND COST OF MILK
AM) BUTTER, AND ON THE COMPOSITION OF
MILK.
J. B. LINDSEY, E. B. HOLLAND and GEO. A. BILLINGS.
Results of Two Experiments.
[. Definition: By narrow ration is meant one containing 4
to 5 times as much carbohydrates as protein (1:5);
by wide ration one containing 8 to 10 times as much
carbohydrates as protein (1 : 10).
II. The same amount of 'digestible matter in narrow rations
produced from 11.8 to 12.9 per cent, more milk than
did a like amount of digestible matter in wide rations ;
narrow rations also reduced the cost of production
from 5 to 12 per cent.
III. The average cost of a quart of milk produced with the
narrow rations was 1.81 cents, and with the wide ra-
tions 1.97 cents.
IV. The narrow rations produced over the wide rations practi-
cally the same relative increase in the amount of butter
and the same decrease in the cost of production as in
the case of the milk.
V. The narrow rations produced butter at a cost of 15.57 cents
per pound, and the wide rations at a cost of 16.52
cents per pound.
VI. In Experiment I., with the narrow rations, the best cow
produced 12.2 pounds of butter in a week, at a cost
of 14 cents per pound ; and the poorest cow produced
8.26 pounds, at a cost of 19.37 cents per pound. In
the same experiment, with the wide ration, the best
cow produced 9.52 pounds, at a cost of 16.67 cents
per pound
;
and the poorest cow produced 7.28 pounds,
at a cost of 18.88 cents per pound.
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In Experiment II., on the narrow ration, the best cow
produced 12.81 pounds of batter per week, at a cost
for feed consumed of 11.66 cents; and the poorest
cow 7.98 pounds, at a cost of 15.90 cents per pound.
With the wide ration, the best cow produced 10.92
pounds per week, costing 12.71 cents ; and the poorest
cow 6.86 pounds, costing 16.21 cents per pound.
VII. In these two experiments narrow rations produced manure
having 20 per cent, more fertilizing value than that
produced by wide rations. In general, it can be said
that narrow rations produce manure containing 10 to
15 per cent, more fertility than wide rations.
VIII. Neither the narrow nor wide ration produced any decided
change in the composition of the milk.
IX. For total consumption of dry and digestible matter ; total
yields of milk, milk solids and fat ; pounds of milk,
milk solids and fat produced by 100 pounds of dry
and digestible matter ; and for digestible matter re-
quired to produce 100 pounds of milk, 1 pound of milk
solids and 1 pound of butter,— see tables XII., XIII.
and XIV., in rear of this report.
A. Methods employed in carrying out the
Experiments.
Plan,
The experiments were two in number, and were conducted
during the autumn and winter of 1895-96, with six cows.
The animals were divided as evenly as possible into two
lots, and the experiments were so arranged that in the first
half of each experiment three of the cows were fed the
narrow rations while the other three were receiving the wide
rations ; in the second half of the experiment the order was
reversed. In this way the natural milk shrinkage as well as
the natural change in the quality of the milk was equalized.
In the first experiment the two halves each lasted twenty-six
days, and at least seven days were allowed after the animals
were placed upon the full ration before the actual test began.
In Experiment II. the halves each lasted twenty-one days.
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History of Cows.
NAME. Breed. Age.
Last Calf
dropped.
Milk Yield at
Beginning of Ex-
periments.
I. II.
Ada, Grade Ayrshire,
Years.
7 Oct. 1,
Pounds.
26
Pounds.
22
EL Una,* . Native, 10 Sept. 1, 22
II. Guernsey, t • Grado Guernsey, Dec. 1, 30
in. Heaaie, . Grade Ayrshire, 7 Sept. 10, 27 26
IV. Beauty, . Grade Jersey, . 5 Sept. 15, 27 20
V. Red, Grade Durham, . Oct. 8, 33 27
VI. Spot, . Grade Durham, . 7 Oct. 8, 34 27
• Used in first experiment. f Used in second experiment.
The animals had been purchased in the neighborhood, at
an average cost of $50 each, when fresh. They were better
animals than the average, and most of them had been dry
for several months before calving, so that they would natu-
rally be able to do their best work during the two experi-
ments now being described. None of the animals had been
served at the beginning of the experiment, but they were
allowed to take bull later. Most of them were served be-
tween the two halves of the first experiment.
Feeds and Feeding.
In the first experiment all of the cows were fed hay and
sugar beets as coarse feeds. In the wide ration half, each
eow had one pound more of hay daily than in the narrow
ration half, in order to make up a like amount of total
digestible daily nutrients. Chicago gluten meal and wheat
bran were fed in the narrow ration, and corn meal and wheat
bran in the wide ration. The hay was quite coarse, and con-
sisted of Timothy, with an admixture of clover. Cow II.
left a small quantity of the coarser portion in one half,
which was deducted from the amount consumed in calculat-
ing the digestible daily nutrients eaten.
In the second experiment the coarse feeds consisted of
bay, and millet and soy bean ensilage; the concentrated
feeds in case of the narrow ration were bran, Chicago gluten
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roeal and old-process linseed meal ; and in case of the wide
ration, wheat bran and corn meal. In this experiment the
feeds were entirely consumed.
The feeds were very carefully weighed out, and given twice
daily. Water was kept before the animals constantly, by
means of the Buckley self-watering device. A cover swung
upon hinges kept the feed from getting into the water. The
animals very soon learned to lift the cover whenever they
desired to drink.
Sampling the Feeds.
A small sample of the different grain feeds was taken daily,
and preserved in glass-stoppered bottles ; a sample of the
hay was taken weekly, and likewise preserved ; and at the
end of each of the two halves of each experiment dry-matter
determinations were made and samples preserved for analysis.
In case of the sugar beets and ensilage, samples were taken
weekly and tested for dry matter at once, and at the close of
the experiment these several samples were mixed and pre-
served for analysis.
General Care.
The cows were milked twice daily, about five o'clock in the
morning and five in the afternoon, always by the same at-
tendant, who was a graduate of the college, and thoroughly
trustworthy. The animals were carded daily, and allowed
the run of a yard in pleasant weather. They were given
plenty of stall room, and made as comfortable as possible.
The wing of the stable in which they were confined contained
no storage room, and each animal was allowed fully 1,200
cubic feet of air. The wing was heated with hot water, and
kept at a temperature of 50 to 55 degrees F. during the
winter months. Ventilation was secured by means of a shaft
8 by 15 inches, placed at the south end of the wing, running
to within 1 foot of the floor, and extending 12 feet above the
roof, terminating in a so-called Archimedean ventilator. In
the shaft was placed a hot-water coil, to increase the draught.
Air was admitted by means of windows opening into the
barn, thus avoiding direct draughts. The windows were
sufficient in number to keep the barn fully lighted.
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Weighing the Animals.
The animals were weighed before feeding
in the afternoon
;i t the beginning and end of the experiment, and once
a week
daring its continuance. It is recognized
that this was not
sufficient, and in experiments now being made the animals
are weighed for three successive days at the beginning and
end of the experiment and the same number of times weekly
during its coutinuance.
Care of the Milk.
The milk was weighed at once after being drawn, on a
( hatillon balance sensitive to two ounces. Composite
samples were taken for five days of each week, the milk be-
ing preserved with the aid of bichromate of potash. In order
to secure an average sample, it was poured from one pail to
another three times, and then 10 c.c. removed with the aid
of a pipette, an exact amount being taken at every milking.
The glass jars containing the composite samples were kept
tightly covered, and were gently rotated each day, to prevent
any undue clotting of the cream.
Testing the Milk.
The tests were in all cases made in duplicate. The total
solids were made either by the sand method or by use of the
perforated disk tilled with asbestos. The fat was determined
by the gravimetric method, and in ease of Experiment II.
total nitrogen was estimated by the Kjeldahl method.
Experiment I.
DATK3 OF EXPERIMENT. Narrow Ration. Wide Ration.
October 24 through November 18, .
November 2S through December 23,
Cows I., IV., VI.
Cows II., III., V.
Cowb II., III., V.
Cows I., IV., VI.
Experiment II.
January 27 through February 16, .
February 29 through March 28,
Cows I., II., VI.
Cows III., IV., V.
Cows m., IV., V.
Cows I., n., VI.
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B. Rations consumed, and Their Efeect on the
Quantity and Cost of Milk and Butter.
Average Daily Rations fed to Six Cows (Pounds).
Experiment I.
character of ration.
Wheat
Bran.
Chicago
Gluten.
Linseed
Meal.
Corn
Meal.
Hay.
Sugar
Beets
« as
~ £2 "32
Narrow raiion, .... 3 5.83 15.17 12
3 5.83 16.17 12
Experiment II.
Narrow ration 2.83 3 00 1.92 10.33 28.33
Wide ration 1.92 5.83 10.33 28.33
Average Weight of Animals and Total Digestible Xutrients in Daily
Rations (Pounds)
.
Experiment I.
CD
0> d
<
r
dra'
"3
o>C5CHARACTER OF RATION.
J3
«?«
« p
>tein. •boh>
"3
tritiv
I-*
Cm i CSO oc-
D
12J
941 3.07 .59 10.23 14.06 1: 3.86
938 1.46 .52 12.45 14.43 1 : 9.43
Experiment II.
899 2.85 .65 9.96 13.46 1:4.04
890 1.45 .54 11.44 13.42 l: 8.85
The difference between the two rations in Experiment I.
consists in the fact that gluten meal high in protein was sub-
stituted for corn meal low in protein. In Experiment II.
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gluten and linseed meals were substituted for corn meal. It
might have been better had the coarse feeds been increased
somewhat, in order to have raised the total digestible nutri-
ents to 1 5 pounds daily. The animals, however, maintained
V (tv even average weights during both experiments. In
both halves of each experiment the total digestible nutrients
were practically the same.
Table I. — Yield and Cost of Milk.
Experlrm id I. 20 Bays {6 Cows).
2 a
Average
Daily Yield.
o a
o
<o y
Feed
uce
a
Milk
o o *- •
** O O a
CHARACTER OF RATION.
Total
Yie (Pou
X
43
0?
m
-o
a
Total
Co
Feed Burned.
Coat
of
to
prod
Quart
of
(Cents).
Cost
of
F<
produce
Pound
Milk
(C<
Narrow 4241.5 12.65 27.2 $36.84 1.89 87.0
Wide 3695.5 11.03 23.7 35.34 2.11 95.7
Increase narrow over wide ration, . 546.0 1.62 3.5 1.50 — .22 -8.7
Percentage increase, .... 12.9 —11.70
F.xjn rimeni IT. 21 Days (6 Cows).
Narrow, 3261.0 12.01 25.82 $26.27 1.74 80.6
Wide 2877.0 10.58 22.73 24.43 1.83 84.9
Itx reaoe narrow over wide ration, . 384.0 1.43 3.03 1.84 — .09
Percentage increase 11.8 -5.20
The above table shows that the narrow rations produced
from 11. -s to 12. !• per cent, more milk than did the wide
rations, and that they reduced the cost of production from 5
to 12 per cent. At the end of Experiment II., six months
after calving, the cows were averaging between 11 and 12
quarts of milk daily.* It was not the primary object of
these two experiments to select the most economical feeds
for milk production, but rather to note the effect of narrow
'•. wide rations on the quality of the milk. The figures, how-
ever, cannot fail to prove interesting to the milk producer.
• Com No at the close of Experiment II., had beeu calved but three months.
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Table II.— Yield and Cost of Butter.
Experiment I. 26 Bays (6 Cows).
o o >> >> © p 2
ield Fat.
ent
Dai
MO
Cost
r
Pou
er
p
S3 ^ o . » a.? •
o > 2 «2 w>~\2-o
J- o o
Off)
E-1 <3
Pounds Pounds. Pounds. Pounds. Cents.
222.71 8.55 59.85 16.74
Wide 164.87* 192.01 7.11 49.77 18.41
Increase narrow over wide ration, 26.03 30.70 1.44 10.08 —1.67
Percentage increase, 13.70 13.70 —10.00
Experiment II. 21 Days {6 Cows).
183.98 8.75 61.25 14.40
Wide, 144.56 168.64 8.01 56.07 14.64
Increase narrow over wide ration, 13.13 15.34 .74 5.18 -.24
Percentage increase, 8.30 8.30 —1.67
The figures tell the same story as they did in the yield of
milk. On the narrow rations the cows produced 13.7 per
cent, more butter in Experiment I. and 8.3 per cent, more
in Experiment II. than they did on the wide rations. In
Experiment I. the cost of feed per pound of butter produced
was 16.74 cents for the narrow ration and 18.41 cents for
the wide ration, showing that the narrow ration produced
butter for 10 per cent, less per pound than did the wide
ration. In Experiment II. the cost of feed per pound of
butter produced was 14.57 cents for the narrow and 14.64
cents for the wide ration, showing a difference of but 1.67
per cent, in favor of the narrow ration.
It is of course impossible to state with accuracy the exact
cost of feed required to produce a pound of butter, as so
* Cow V. (Red) during a portion of this period produced milk with but 2.85 per
cent, of fat, and then suddenly increased to 4 per cent. The above figures include
this cow's production on the basis of 4.05 per cent, fat for the entire period; other-
wise the percentage increase of the butter in the narrow ration would be more than
the percentage increase in the milk produced, which might lead to the supposition
that the narrow ration had actually increased the percentage of fat in the milk, when
really this sudden increase of fat was entirely independent of the influence of the feed.
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much depends upon the cost of feeds used, character of the
cows, and the stage of lactation. The figures simply show
what six of the better class of ordinary cows that had been
well fed were able to do, during the first six months after
calving.
Table III. — Yield and Cost of Butter from Poorest and Best
Cows.
OBARAOTZR of COW
AND RATION.
Experiment I. Experiment II.
Daily
Yield.
Weekly
Yield.
Cost of
Feed per
Pound.
Dally
Yield.
Weekly
Yield.
Cost of
Feed per
Pound.
Pounds. Pounds. Cents. Pounds. Pounds. Cents.
Beat cow, narrow, 1.74 12.20 14.00 1.83 12.81 11.66
Poorest cow, narrow, 1.18 8.26 19.37 1.14 7.98 15.90
Best cow, wide, . 1.36 9.02 16.67 1.56 10.92 12.71
Poorest cow, wide, . 1.04 7.28 18.88 .98 6.86 16.21
In Experiment I. the best cow on the narrow ration pro-
duced \'2.'2 pounds of butter per week, at a cost for feed
consumed of 14 cents per pound ; while the poorest cow pro-
duced <s.l>i; pounds, at a cost of 19.37 cents per pound. In
the same experiment on the w ide ration one cow produced
9.52 pounds per week, costing 1G.G7 cents per pound; and
another 7.28 pounds per week, costing 18.88 cents.
In Experiment II. the best yield with the narrow ration
was 12. XI pounds of batter per week, costing for feed eaten
11.66 cents per pound: and the poorest yield was 7.98
pounds, costing 15.90 cents. In the same experiment on
the wide ration the best yield was 10.92 pounds weekly,
costing 12.71 cents per pound; and the least yield 6.86
pounds weekly, costing 1G.21 cents per pound. One is
enabled from the above figures to note both the influence of
the cow and the cost of the daily ration upon the cost of the
batter produced. The cow yielding 12.81 pounds weekly,
si I cost of 11.60 cents per pound for food consumed, was a
grade Guernsey, fresh at the time. Her general form and
appearance would not indicate that she was more than a very
ordinary COW. She produced about 14 quarts of milk daily
when at her best, containing 5.3 per cent, of butter fat.
Such facts as the above ought certainly to stimulate farmers
to ascertain the amount and quality of the milk produced by
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their cows during a period of lactation. Only by such a
course can the unprofitable cows be weeded out, and the herd
brought to a higher standard. The scales and the Babcock
tester are necessary ; mere guess will not accomplish it.
Table IV. — Approximate Estimate of the Amount and Value
of Fertilizer Constituents in Excretions of the 6 Cows.
CHARACTER OF RATIONS. Nitrogen
Phosphoric
Acid
(Pounds).
Potash
Relative
Values of
Same.
(Pounds). (Pounds).
Average of Experiments
I. and II., narrow, 153 35 79 $28 65
Average of Experiments
I. and II., wide, . 108 40 95 22 95
Percentage increased value of narrow over wide ration, . $19 20
For the sake of comparison, by figuring the value of the
nitrogen, phosphoric acid and potash contained in the feeds
consumed (less 20 per cent, for the amount retained in the
system or otherwise lost) by the market cost of these
several ingredients per pound, it will be seen that the
manure from the narrow ration has 20 per cent, more value
than that from the wide ration. The cause of the increased
value lies naturally in the increased amount of nitrogen
present. In case of the rations fed in these experiments,
the fact that the wide ration has more potash than the narrow
is because gluten meal, which served to increase the protein,
contains but minimum amounts of this ingredient. If cotton
or linseed meal had been used in place of the gluten meal,
the reverse would have been true. While the so-called
narrow rations as used in these experiments were extreme
ones, it might be said that narrow rations which contain
from 2 to 2 J pounds of digestible protein in a day's feed,
aside from their causing a 10 per cent, increase in the milk
yield, furnish in addition a manure from 10 to possibly 15
per cent, more valuable than do wide rations.
While narrow rations will unquestionably produce more
milk and butter than wide rations, the relative cost of the
milk and butter produced by the two rations will depend
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upon the price of the concentrated feed stuffs.
The markets,
however, at the present time contain such a great variety of
||iete products that the feeder can select those rich in pro-
tein at prices that will enable him to feed the narrow or
o-called well-balanced rations to advantage.
In the closing remarks on this portion of the experiment,
it is well to inquire what are to be considered as economical
narrow rations. The German ration established so lon^ ago
by the late Kmil von Wolff contained, for cows of 1,000
pounds weight, 2."> pounds of digestible protein, .5 pounds of
digestible fat and 13 pounds of digestible carbohydrates,
with a proportion of protein to fat and carbohydrates of 1
to 5.4.
The writer is convinced that 2.5 pounds of digestible
protein daily is amply sufficient, and seriously questions
whether it is not too much. More than this amount, or
even 2.5 pounds daily in the form of concentrated feed
stuffs, it' ted from eight to nine months each year, will soon
tend to impair the milk-producing capacity of the cow.
Some cows might be able to withstand such feeding longer
than others. It might be advisable, for economic reasons,
to feed as high as 3 pounds of digestible protein daily to
average cows for two or three years, and then turn them
into beef; but cows possessing more than ordinary merit
should be differently handled. It should ever be kept in
mind that it is far better to breed and select cows that pos-
sess extra milk and butter qualities than to attempt to attain
those ends by extra amounts of concentrated feeds.
The amount of protein, as well as the amount of total
digestible organic nutrients, that can be fed in the daily
rat ion in order to produce milk and butter at low prices, and
at the same time not impair the milk-producing organs by
overwork, is still an uncertain quantity; and in order to
secure more accurate information, taking into consideration
American conditions, extended and carefully conducted in-
vestigations are necessary. Such experiments should be
carried out only by those who can control all the conditions,
who thoroughly understand the nature, handling and care
of animals, and who have the time to give the experiments
a close personal attention.
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C. The Effect of Narrow and Wide Rations ox the
Quality of the Milk.
Many experiments have been published and many opinions
expressed relative to the effects of single feeds and feed com-
binations on the quality of milk. The writer has briefly
reviewed the most important of these experiments else-
where.* W. H. Jordan f has recently also presented a most
excellent review and critical examination of such experi-
ments.
Practically all of the experiments thus far made have taught
that feeds have but very little influence on the quality of milk.
By kk affecting the quality" is meant the increasing and de-
creasing of any or all of the solid constituents of the milk,
such as casein, albumin, milk sugar, fat and ash. It is a
commonly recognized fact that some feeds affect the flavor of
milk, and to a slight extent its color, also possibly its acidity
and alkalinity. It is possible that feeds and feed combina-
tions rich in tat have a tendency to slightly increase the per-
centage of fat in the milk of some cows. Whether or not
feeds rich in protein have a similar tendency, is still uncer-
tain. It is probable that this increase is only of a temporary
character, the milk gradually coming back to its normal con-
dition. Animals very thin in flesh and insufficiently fed, if
brought into good condition by proper feed will probably
show an increase in one or all of the solid constituents.
This improvement will certainly not be very marked. It is
possible that the improvement in the milk brought about by
the more complete nourishment of a thin and insufficiently
fed animal consists more in an improvement in the quality
of the fat, or nitrogenous matter, than in increasing to any
marked degree their actual percentages in the milk. The
quality of milk varies, as is well known, during the diflerent
stages of lactation, but this is entirely independent of the
influence of feed.
In conducting experiments of this character the investi-
gator should be very careful that he is able to control all the
conditions liable to in any way afl'ect the results. The milk-
• Twelfth report of Massachusetts Experiment Station, ISiH.
t Agriculture of Maine, 1S95, page 139.
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producing organs arc largely under the control of the nervous
ijgfcem, and any Midden change disturbing the nervous tem-
perament of the animal, such as a sudden extreme change of
temperature, an angry man, change of milkers, etc., is very
likely to have an effect on the quality of her product. This
oao easily be observed by testing the milk daily and noting
the variations, espec ially in the percentage of fat. Too short
periods render such experiments valueless, as well as changing
the entire daily character of the feed in two or three parts of a
sinirle experiment. No greater mistake can be made than in
employing cheap, unreliable help. The results of many of
the experiments thus far made along this line of investigation
arc of absolutely no value, because one or several improper
influences have not been controlled by the experimenter.
In the two experiments which follow, the experimenter
has sought as far as possible to prevent any influence other
than the one desired to have any bearing on the results.
The methods have been described under A. The complete
feeding record of each cow will be found at the end of this
article.
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In judging the above results, it must not be forgotten that
the entire lot of cows was not fed at the same time on either
the wide or the narrow ration. For example, in Experiment
I. cows I., IV. and YI. were first fed the narrow ration;
while cows II., III. and V. were having at the same time the
wide ration. It would be expected that cows I., IY. and
YI. would naturally show slightly higher percentages on the
wide ration, because it was fed later; and for a like reason
cows II., III. and Y. would show higher percentages on the
narrow ration. In case of Cow V., on the wide ration, it
has already been explained that the first two composite
samples of milk show low solids, and less than 3 per cent,
of fat. In the third sample both the solids and fat very
noticeably increased. It is evident that this sudden change
was not caused by feed
;
first, because the animal was in
excellent flesh at the beginning of the experiment
;
and,
second, because the change was a permanent one. The cow
had been calved but a few weeks, and for some reason had
not come to her average quality of milk. It was there-
fore considered advisable, in the wide ration, to omit in the
average the first two analyses. With this exception, the
first experiment shows very little variation in the quality of
the milk. In the second experiment, cows L, II. and YI.
were first fed the narrow ration, and cows III., IY. and Y.
first received the wide ration. All but Cow II. being some-
what advanced in the period of lactation, it is natural that at
least cows I. and YI. should show slightly higher percentages
with the wide ration, and cows III., IY. and Y. with the
narrow ration. This natural tendency is noticed in cows I.,
II.
,
IY., Y. and YI. One can therefore draw more reliable
conclusions when the results from the six cows are averaged,
thus eliminating as much as possible the error caused by
natural shrinkage.
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Tablk VI.
—
Average Results from 6 Cows.
Experiment I.
Dailt Digestible Nutrients
CON9CMED. Composition or Milk.
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Narrow ration. 941 3.07 .59 10.23 14.06 3.86 13.66 4.51 9.15
Wide ration, . M 1.46 .52 12.45 14.43 i 9.43 13.56 4.47 9.09
Percentage inrrt-aae nar
row oTer wide.
_
+.73 +.89 +.66
A7;» rime n( II.
Narrow ration.
- ... .65 9.96 13.46 1 :4.04 13.83 3.29 4.8sj 9.00
Wide ration, . m 1.45 .54 11.44 13.42 1 :8.85 14.12 3.24 5.02 9.10
Pe rtentajr*' increase nar
row over wide.
—2.10
1
+1.52 -3.93—1.11
The average weights of the animals during both periods of
each experiment are practically identical. In the first experi-
ment the milk appears to have suffered no change in compo-
sition. In the second experiment the wide ration seems to
have slightly increased the solids and fat and diminished the
nitrogenous matter. This is more strikingly brought out in
Table VII.
ablk VII. — Showing Percentages on Basis of 14 Per Cent. Solids.
Experiment L Experiment EL
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Narrow ration, 9.38 3.33 4.88 9.11
Wide ration,
.
lVrrcntage iucreaae narrow over wide,
9.39 3.21 4.97 9.02
± +3.60 -1.84 + .99
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In Table VII. it will be noticed that the wide ration, con-
taining 1.45 pounds of digestible protein, .54 pound of
digestible fat and 11.44 pounds of digestible carbohydrates,
seemed to have produced a slight but noticeable increase in
the percentage of fat ; and the narrow ration, containing 2.85
pounds of digestible protein, .65 pound of digestible fat and
9.96 pounds of digestible carbohydrates, a slight increase in
the total nitrogenous matter.
Recognizing the many serious difficulties in the way of
securing results that will show only the influence of feed or
feed constituents in the composition of milk, the writer would
of course draw no positive conclusions, but simply present
the figures as the results of two carefully conducted experi-
ments along this line of investigation.
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AHIK xil. Shofinrj Total Amount of Dry and Digestible
Matter consumed, and Total Milk Products produced.
Experiment I.
CHARACTER OF
RATION.
Dry Matter
consumed
(Pounds).
Digestible
Matter
consumed
(Pounds).
Milk
produced
(Pounds).
Milk Solids
produced
(Pounds).
Milk Fat
produced
(Pounds).
Narrow, .... 3,549.0 2,193.4 4,241.5 579.4 191.3
Wide 3,675.4 2,251.1 3,695.5 501.1 165.2
Experiment II-
Narrow, .... 2,721.0 1,696.0 3,261.0 451.0 157.5
WUi 2,871.2 1,691.0 2,877.0 406.2 144.4
TABLI XIII. — Showing for Every 100 Pounds of Dry and
Digestible Matter consumed, Amounts of Milk, Milk Solids and
Milk Fat produced.
Narrow Ration.
Experiment I. Experiment II.
ONE HUNDRED POUNDS.
Milk
(Pounds).
Milk
Solids
(Pounds).
Fat
(Pounds).
Milk
(Pounds).
Milk
Solids
(Pounds).
Fat
(Pounds).
Dry matter produced, 119.51 16.32 5.39 119.8 16.6 5.8
Digestible matter produced,
. 193.41 26.42 8.72 192.3 26.6 9.3
Wide Ration.
Dry matter produced,
. 100.28 13.74 4.48 107.7 15.4 6.40
Digestible matter produced,
. 164.lt. 22.28 7.34 170.1 24.0 8.54
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Table XIV.
—
Pounds of Digestible Matter required to produce
100 Pounds of Milk, a Pound of Milk Solids and a Pound
of Butter.
Narrow Ration.
Experiment I. Experiment EL
TO PRODUCE — TO PRODUCE—
X 14 r- iPOUNDS REQUIRED OF
—
=
a
a a
c- B
a
a « D S~ o .O Oh DC
—
= 1 I oO
Digestible matter 51.7 3.78 9. S3 52.0 3.76 9.2
THV/e Hation.
Digestible matter,
|
60.9 4.49 11.68
|
5S.S 4.16 10.04
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Table XVI.— Dry Matter Determinations.
Experiment I.
Millet
and
Soy-
bean
Ensilage
(Per
Cent.).
no >>
Hay
(PerCent.
Sugar
Beets
(P(
Cent.).
Wheat
Bran
(Per
Cent
Chicago
Glute
Meal(PerCent
Old-process
Lii
seed
Meal
(P<
Cent.).
Corn
Meal
(Pt
Cent).
October 24 to November 19, 87.5 13.00 88.3 91.0 87.7
November 28 to December 24, . 87.0 14.70 88.6 91.0 87.7
Experiment II.
January 27 to February 17, 88 18.4 88.0 91.0 90.0 84.5
February 29 to March 21, . 91.0 19.7 88.0 91.0 90.0 84.5
Market Cost of Feed Stuffs per Ton.
Experiment Experiment
I. II.
$15 00 $15 00
5 00
4 00
17 00 16 00
23 00 22 00
22 00
17 00 16 00
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FEEDING EXPERIMENTS WITH PIGS.
(6) Rick Meal v. Corn Meal.
Kxplkiment L — Xov. 12, 1895, to Feb. 11, 1896.
Results,
Throe pigs fed rice meal and skim-milk each showed an
avenge weight of 67 pounds at the beginning of the experi-
ment and 111"). 2 pounds at the end of the experiment; the
three fed corn meal and skim-milk each showed an average
weight of 65 pounds at the beginning and 193.5 pounds at
the end of the experiment.
The rice meal lot consumed during the experiment 3,519
pounds of skim-milk (1,614 quarts), together with 867
pounds of rice meal, and gained 385 pounds of live weight,
equal to 29K pounds of dressed weight; the corn meal lot
consumed like quantities of milk and corn meal, and gained
385 pounds of live weight, equal to 309 pounds of dressed
weight.
The rice meal lot consumed 1,118.64 pounds of dry matter
and the corn meal lot 1,105.65 pounds of dry matter.
The rice meal lot required 2.91 pounds of dry matter to
produce 1 pound of live weight and 3.77 pounds to produce
1 pound of dressed weight; the corn meal lot required 2.91
pounds of dry matter to produce 1 pound of live weight
and 3.59 pounds to produce 1 pound of dressed weight.
The average daily gain in live weight of each pig in both
the rice and corn meal lots was 1.41 pounds.
The three pigs fed rice meal showed an average shrinkage
ot l'lMII per cent, in dressing; the corn meal fed pigs
shrank 20 per cent.
The above results indicate that a good quality of rice meal
baa a feeding value equal to a similar quality of corn meal.
With grain at $1* per ton and dressed pork at 5 cents per
pound, skim-milk returned
J of a cent per quart, or 23 cents
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per 100 pounds ; with the same price for grain and dressed
pork at 6 cents per pound, skim-milk would return 31.5
cents per 100 pounds.
With grain at $18 per ton and skim-milk at 15 cents per
100 pounds, live weight would cost 2.88 cents per pound
and dressed weight 3.66 cents. If skim-milk were reckoned
at 25 cents per 100 pounds, live weight would cost 4 cents
per pound and dressed weight 5 cents per pound.
Details of the Experiment.
The object of the experiment was to compare the nutritive
effect of rice meal with corn meal when fed in connection
with skim-milk. Six pigs, grade Chester White, all out of
the same litter, were selected. They were received October
15, when six weeks old, and kept for a month before begin-
ning the experiment. Before starting the experiment each
pig was placed in a separate pen, of about 100 feet area.
The pens were separated by heavy galvanized wire, thus
securing good ventilation, and allowing at the same time the
animals to see each other. While they had no outdoor run,
the pens were large, the room airy and well lighted, and the
constant good health of the animals indicated no disturbing
influences. Only in very severe weather did the tempera-
ture in the building fall a little below freezing.
Feeding.—The animals were fed three times daily, the
slightly warmed milk being measured, and the grain ration
for the twenty-four hours accurately weighed. The pigs
were each given from 5 to 6 quarts of milk daily. At the
beginning of the experiment 4 ounces of grain were given
with each quart of milk ; and the amount increased from
time to time, to suit the appetites of the animals. The
feed was consumed during the entire time, without a single
refusal.
Feeds.— The skim-milk was tested occasionally, and 9.75
per cent, of solids were used in calculating the amount of
dry matter it contained. Rice meal is fed and highly
prized in Europe. It is occasionally found in our markets,
but the present low price of corn meal excludes it. In pre-
paring rice for human consumption, various mechanical proc-
esses are employed, After the hull is removed, the rice is
HATCH EXPERIMENT STATION. [Jan.
brought into mortars holding from 4 to 6 bushels each and
pounded, to remove the yellow, gluey covering of the grain
and give it the creamy color so much desired. This pound-
ing really removes the chaff and some of the flour, and leaves
the grain but little broken. The rice is then polished to
give it a pearly lustre, which is effected by friction of the
grains of rice against tanned moose hide. That portion
rubbed off is termed rice polish. The chaff and flour above
referred to, and in some cases the polish also, are mixed and
sold as rice meal for cattle feeding.
Composition.
[Figures e«pual percentages or pounds per 100.]
Rice Meal. Corn Meal.
Water 10.50 12.00
Ash
. . 7.67 1.42
1.84
Fat 12.10 3.34
12.95 9.68
Kxtnu-t mutter, 51.75 71.72
The above feeds have the same type of composition, being
comparatively low in protein and high in carbohydrates.
They both may be termed heat-producing and fattening
feeds. The rice meal contains more fat and less extract or
starchy matter than the corn meal.
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1—1 p—
1
1—
I
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.
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.
3.66 3.70 3.41 3.59
2.94 2.93 2.74 2.90
100.73
99.68
108.19 308.60 102.90
154.50 146.25 164.00 464.75 154.92
53.77 46.57 55.81
156.15
52.05
19.74 20.73 19.41 19.96
1.38 1.41 1.48 4.27 1.42
125.50 125.75 134.25 385.50 128.50
192.50 184.50 203.50 580.50 193.50
67.00 58.75 69.25
195.00
65.00
254.20 254.20 254.20 762.60 254.20
1 1 1 1 1 1
1
288.87 288.87 288.87 866.60 288.87
114.35 114.35 114.35 343.05 114.35
1,172.8 1,172.8 1,172.8 3,518.5 1,172.8
CO CO COO iO in 1,614 538
Total,
.
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per
pig,
.
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Additional Data.
In order to throw light on the price returned for skim-
milk and the cost of feed required to produce a pound of
live and dressed weight, the following additional data is
j
trcsented, and the amount of feed consumed is reckoned
from October 15, when the pigs were received, to February
12, when they were slaughtered. The results below are
based on the entire lot of six pigs.
Quarts. Pounds.
4,092 8,921
1,920
968
762
PRICE UlUHMl)
FOR SKIM-MILK.
Whkn Corn Meal sells at
$is per Ton and Dressed
Pork at —
When Corn Meal sells at
$24 per Ton and Dressed
Pork at —
Five
Cent*.
Six
Cents.
Seven
Cents.
Eight
Cents.
Five
Cents.
Six
Cents.
Seven
Cents.
Eight
Cents.
!>r quart (fraction of
cent),
Per 100 pounds (cents)
,
.50
23.00
.69
31.50
.87
40.00
1.06
46.50
.36
16.00
.54
25.00
.73
33.00
.91
42.00
The pigs were six weeks old when they were received,
and weighed about 33 pounds each. AVhen slaughtered they
averaged 194.5 pounds each. The pigs made a rapid growth,
and the results are fully as favorable as could be hoped for.
Cost of Feed per Pound of Growth produced (Cents).
Live
Weight.
Dressed
Weight
When corn meal costs $1S per ton and milk \ cent per quart, 2.88 3.66
When corn meal costs $1S per ton and milk \ cent per quart, 4.00 5.00
When corn meal costs $24 per ton and milk \ cent per quart, 3.48 4.43
When corn meal costs $24 per ton and milk \ cent per quart, 4.55 5.80
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(c) Oat Feed v. Corn Meal for Pigs.
Experiment II. — March 2!) to June 30, 1S0C.
Results.
Four pigs fed oat food and skim-milk each showed an
average weight of 42.56 pounds at the beginning and 136.7")
pounds at the end of the experiment ; the two fed corn meal
and milk showed an average weight of 45.25 pounds at the
beginning and 157.70 pounds at the end of the experiment.
The oat feed lot consumed during the experiment 5,389
pounds of skim-milk (2,474 quarts), together with 869
pounds of oat feed, and gained 376.75 pounds of live weight,
an average gain of 94.19 pounds each ; the corn meal lot con-
sumed 2,694.5 pounds of milk (1,236 quarts), together with
435 pounds of corn meal, and gained 225. 25 pounds, or an
average gain of 112.62 pounds.
The oat feed lot consumed 1,305.96 pounds of dry matter
and required 3.47 pounds of dry matter to produce a pound
of live weight; the corn meal lot consumed 645.1 pounds of
dry matter and required 2.86 pounds of dry matter to pro-
duce a pound of live weight.
The oat feed lot showed an average daily gain of 1.03
pounds in live weight, and the corn meal lot a daily gain of
1.22 pounds in live weight.
The present experiment shows that only 83.6 per cent, as
much pork was produced with oat feed as with an equal
weight of corn meal, or 100 pounds of corn meal were equal
to 120 pounds of oat feed.
With corn meal at $18 per ton, oat feed at $16 per ton
and dressed pork at 5 cents per pound, skim-milk returned
£ of a cent per quart, or 15.6 cents per 100 pounds in case
of the entire lot of six pigs.
With the same price for grain and skim-milk reckoned at
\ cent per quart, live weight would cost 3.34 cents and
dressed weight 4.3 cents per pound. Further details con-
cerning prices will be found in the description of the experi-
ment.
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Detail* of Experiment II.
The object of this experiment was to compare the nutritive
effect of corn meal with oat feed. Six grade Chester White
pigs, all from the same litter, were used. The pigs were
kept in the same pens and handled in the same way as de-
Beribed in the previous experiment. They had been in the
pons over a month before the experiment began.
Feeding.— The pigs were each fed at the beginning 5
quarts of milk together with 3 ounces of meal to each quart
of milk, and increased in this proportion till 8 quarts of
milk were fed; the grains were then still further increased
from time to time to satisfy the appetites of the animals.
feedtu— The skim-milk and corn meal were of the same
average quality as reported in the previous experiment. Oat
feed is the refuse from factories engaged in the preparation
of oat meal for human consumption. It consists of the poor
oats, oat hulls and some of the bran and starch which are
removed in the process of manufacture. It is, as the corn
meal, a heat-producing rather than a flesh-forming feed.
Oat feed varies very much in composition, and consequently
in feeding value. The sample used may be considered an
average one.
Composition.
[FlgBfM equal percentages or pounds per 100.]
Oat Feed. Corn Meal.
12.00
1.42
Fiber. . # i2 1.84
F»t , .1 3.34
Protein 9.68
Extract matter
The presence of the high percentage of fiber in the oat
feed La indicative of a considerable amount of hulls.
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Additional Data.
T„ order to show the price returned
for skim-milk and the
* f feed required to produce a
pound of live and dressed
afcht, the additional data is
presented for the six pigs : —
Quarts. Pounds.
Live weight actually gained
3,708 8,083.5
869.0
435.0
602.0
470.0
PRICE KETI USED
FOR SKIM-MILK.
W ith Oat Fkei> at $16 per
TuN.CoKN Mkai, at $18 per
Ton and Dressed I'ork at —
With Oat Feed at $21 per
Ton, Corn Meal at $24 per
Ton and Dressed Pork at —
Five
CentH.
Six
Cents.
Seven
Cents.
Eight
Cents.
Five
Cents.
Six
Cents.
Seven
Cents.
Eight
Cents.
IVr quart (fraction of
cent),
l>r ion pounds (cent*),
.34
15.60
.47
21.40
.60
27.00
.72
33.00
.25
11.00
.37
17.00
.50
23.00
.62
29.00
The pigs did not grow as rapidly as in the first experi-
ment, and consequently the returns are below those obtained
with the previous lot. The animals seemed inferior, and
unable to turn the teed into rapid growth. The above fig-
ures are more nearly what might be expected by the average
farmer.
Cost of F<ed per Pound of Growth produced (Cents).
Live
Weight.
Dressed
Weight.
With grain price* at $lt*> and $18 and milk at \ cent per quart, 3.34 4.30
With grain prW-en at $16 and $18 and milk at \ cent per quart, 4.88 6.25
With grain price* at $'21 and $24 and milk at \ cent per quart, 3.90 5.00
With pah prices at $21 and $24 and milk at | cent per quart, 5.46 7.00
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(d) Digestion Experiments with Sheep.
We have continued our digestion studies of the various
cattle feeds during the past year. Some of the work under-
taken is as yet incomplete, and experiments are still in prog-
ress. Below is presented the digestion coefficients obtained
with several feed stuffs. The entire data will be presented
at another time. By digestion coefficients is meant the per-
centage of the several groups of constituents composing feed
stuffs that the animal is capable of digesting. Thus, if wheat
bran contains 16 per cent, of protein, or 16 pounds in 100,
and the coefficient of the protein digestibility is 78, this
means that the animal can digest 78 per cent, of the 16
pounds, or 12.48 pounds.
Digestion Coefficients obtained.
KIND OF FODDER.
Number
of
Dif-
ferent
Samples.
Number
of
Sin
|gle
Trials.
Dry
Matter
(Per
Cent
).
Fiber
(Per
Cent.).
Fat
(Per
Cent.).
Protein
(Per
Cent
).
Extract
Matter
(Per
Cent.).
2 74 (?) 91 62 92
Pope gluten feed, 2 87 77 81 86 90
Pope gluten meal, 2 93 (?) 98 84 88
Millet and 8oy-bean ensilage, . 4 59 69 72 57 59
Corn and soy-bean ensilage, 3 69 65 82 65 75
Hay (mostly timothy), 2 55 57 57 54 55

Compilation of Analyses of Fodder Articles and
Dairy Products,
MADE AT
AMHERST, MASS.
1868-1897.
Prepared by E. B. Holland.
A. Fodder Articles.
B. Fertilizing Ingredients in Fodders.
C. Dairy Products.
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B. Fertilizing Ingredients in Fodder Articles.
[Figures equal percentages or pounds in 100.]
NAME.
X
iX
>,
g
<
h
s
Nitrogen.
•5
p£
\
z
X
X
5
a!
z
—
X
C
—
M
_
=
||
II
> ^
/. Green Fodder*.
14 79. .41 .33 .15 $1 45
7 83. .23 .23 .09 M
Barn yard millet {Panicum crusgalli), . 1 75. .46 .49 .11 1 69
Japanese millet (P. Italicum), . 3 63. .61 .41 .19 2 05
1 86. .32 .73 .09 1 60
3 83. .49 .38 .13 1 67
, 72. .30 .64 .12 1 47
Hungarian grass, 1 74. .39 .54 .16 1 62
Vetch and oats 1 86. .24 .79 .09 1 45
1 75. .68 .35 • OS 2 05
1 79. 1.05 .45 .14 3 10
1 82. .32 • IS .10 1 04
1 82. .4S .37 .11 1 62
, 73. .29 .53 .15 1 36
Soy bean (early white) 1 67. .94 .91 .21 3 36
Soy bean (^medium green), 1 70. .S4 .71 .20 2 91
Soy bean (medium black),
.
1 77. .80 .57 .18 2 65
1 SO. .60 .68 .14 2 25
Bokhara or sweet clover, .... 1 79. .45 .42 .13 1 62
83. .41 .42 .14 1 53
1 85. .36 .45 .10 1 40
Kidney vetch 1 81. .56 .35 .09 1 7S
1 87. .37 .76 .12 1 76
Common buctwlicflt I 85. .44 .54 .09 1 67
Silver-hull buckwheat, .... 1 85. .29 .39 .14 1 21
fX&P&D€8€ t?uck wilGtlt, • • • • • 1 85. .26 .53 . 14 1 OS
7 80. .42 .39 .13 1 52
Corn and soy-bean ensilage, 1 71. .79 .44 .42 2 51
3 74. .26 .62 .14 1 37
Millet and soy-bean ensilage, . . '. 5 76. .4S .50 .12 1 76
II. Bay and Dry Coarse Fodder*.
20. 1.53 .47 4 87
Corn stover, 20. .92 1.22 .26 3 66
* Using the figures for the retail cost of nitrogen, phosphoric acid and potash in fertilizers,
the amounts obtaiued show comparative rather than actual values, because the ingredients
in fertilizers are easier to handle aud in a more available form than in fodders.
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H. Fertilizing Ingredients in Fodder Articles— Continued.
•3 •
-
NAME. i
>.
"3
1
o •
3n
a.
s
58
= | M£*
//. flay and Dry Coart Fodder*— Con.
.•. ». . • ••••• 12 15. 1 •*>T 1 .50 .29 $4 81
}'. » rtl......... a
:
10. 1. iU 1 .56 .46 6 05
Timothy, ...... *j 15. 1.19 1.40 .33 4 55
Red top, ..... . . 4 15. 1 .06 .94 .33 3 78
Kmtucky blue gi m,..... 2 15. 1.19 1.52 .39 4 73
i 'rcni" 1 ] <ra*0 t ...... 4 15. 1.22 1.58 .38 4 85
Jiri.."w .f#Cur, ...... 6 15. .92 1.96 .37 4 50
IVrennia! ry c ^nuf ..... - 15. 1.15 1.45 .52 4 68
T . . - . . ~ • -
. .
.
iui.ia.i iir*|nuV|...... 4 15. 1.11 1.18 .52 4 32
Salt hmv. 1 15. 1.06
.65 .23 3 40
Millet, 1 15. 1.22 1.61 .46 4 95
1 H u .i.j . .i.*, 3 15. 1.23 1.27 .62 4 78
\f irTi ninth r**.1 /•'nrair
-»* 'ijuwi rt>i r.cvrr, • • »
. . 3 15. 2.14 1.16 .52 6 76
1 U 1 II II U l » t ,
, . | 2 15. 2.01 2.11 .41 7 30
\I«lk#> r . » 6 15. 2.26 2.10 .63 8 09
I'UCrrDf (alfalfa) 4 15. 1.87 1.32 .48 6 04
Sainfoin,
1 15. 2.54 1.95 .73 8 69
Barlrv •traw. 2 15.
.95 2.03 .19 4 48
Roy.h^ap ntniw t 1 15.
.69 1.04 .25 2 92
MUM itrmw. 1 15.
.68 . 1.73 .19 3 52
TeMlnt*
1 15. 1 .32 3.35 .16 6 66
Whil* lupine
I 15.
_.i>o 1.46 .29 7 87
Yellow lupine,
. 1 15. 2.28 2.51 .51 12 57
SpaoLh moM,
1 15.
.61
.56 .07 2 09
Sulla,
15. a 4i 1.96 .42 7 88
White '.»-..
1 15.
.26 1.18 .41 2 17
Carrot top*,
.
15. 2.951 4.60 .57 12 19
///. KooU, TuUr$, Fruits, etc.
Berln, red,
. 8 88.
.24
.44 .09 1 10
Beet.,
.ufar,
.
'
. 4 87.
.22
.48 .10 1 10
Beeu. yellow fodder
1 91.
.19
.46 .09 99
**oirold.
3 88.
.15
.34 .14 83
Turnip*. ... 4 90.
.17
.38 .12 90
Kuta \>*t*m % ... 3 89.
.19
.49 .12 1 03
• See note on page 151.
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B. Fertilizing Ingredients in Fodder Articles— Continued.
6
§ =NAME. X a0) 1° o Op
_>>
/"ater
itrog
o
c.
CD
O
ahiat
,000
1
< > Ph
III. Roots, Tubers, Fruits, etc.— Con.
3 89. .16 .46 .09 $0 93
1 80. .22 .62 .19 1 32
4 80. .29 .51 .08 1 29
Artichokes, 1 78. .46 .48 .17 1 74
2 80. .13 .19 .01 51
2 81. .23 .13 .02 70
1 89. .08 .10 .03 32
Japanese radish (merinia), . ... 1 93. .08 .28 .05 52
Japanese radish (niyas hige), . 1 93. .08 .34 .05 58
J\rm CrVCtZ7l8 SC€Cis €tc»
13 10.9 1.82 .40 .70 5 04
1 9.0 2.10 _ _ -
2 18.3 5.30 1.99 1.87 16 39
1 14.8 3.24 1.54 .94 10 16
White adzinki beans, 1 16.9 3.33 1.48 .97 10 35
1 12.3 2.12 2.13 1.52 8 59
2 11.5 2.01 .45 .96 6 02
1 13.7 1.73 .38 .69 5 15
1 45.0 1.18 .63 .39 3 79
~V. Flour a?id 3fe&l.
3 14.1 1.92 .34 .71 5 59
29 9.0 1.41 .47 .57 4 37
2 12.1 2.02 .36 .35 5 52
1 13.4 1.55 .34 .66 4 65
1 8.9 3.08 .99 .82 9 12
1 10.8 5.89 2.23 1.57 17 80
1 8.0 7.84 1.54 1.27 21 50
VI. By-products and Refuse.
24 8.2 6.70 1.83 2.47 20 13
Linseed meal (old process), 4 8.0 5.39 1.21 1.78 15 75
5 8.0 5.83 1.25 1.70 16 76
Gluten meal (Chicago), .... 2 9.6 6.04 .06 .43 14 74
1 7.8 5.69 .08 14 36
Gluten meal (variety uncertain), 5 8.5 5.09 .05 .42 12 64
* See note on page 151.
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B. Frrdliziug Ingredients in Fodder Articles— Concluded.
NAME.
Anulyses. 2
a
Nitrogen.
BO
S
o
2
— ^
o
JO
O
u \
0/ a
cvo
a
O 3OP
«©
I 5.
VI. By product* and Re/tine — Con.
5 8.2 3.72 .06 .34 $9 29
1 11.2 4.80 .16 .23 11 89
2 S.6 3.65 .85 1.05 10 76
10 9.9 2.36 1.40 2.10 8 95
Louisiana rice bran 1 10.3 1.43 .84 1.71 5 81
Wheat middlings o 10.2 2.75 .75 1.25 8 48
! 12.5 1.S4 .81 1.26 6 36
! 11.9 .49 .52 .07 1 76
10.6 .75 1.08 .18 3 05
I'rotelna, j 10.1 2.97 .57 1.00 8 59
Hye feed 9.6 1.95 .98 1.56 7 06
10.0 1.46 .79 .23 4 50
13.0 .80
.48 .13 2 52
Pamagcd wheat 13.1
.51 .83 6 68
6.7 3.37 .09 .61 8 73
7.1 2.30 .63 1.34 7 36
Hroom corn waste (.stalks), 10.4 .87 1.86 .46 4 36
12.1 .50
.60 .06 1 85
Palmetto rootn.
. 11.5 .54 1.38 .16 2 82
Meat meal,
. 8.0 11.21 .30 .73 27 86
VI I. Dairy Products.
Huttennilk 91.1
.51 .05 .04 1 31
Bklra rullk 22 90.3
.59
93.7 10 .07 .17 47
• See note on page 151.
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Tables of the Digestibility of American Feed Stuffs.
Experiments made in the United States.
Compiled by J. B. LLNDSEY.
I. Experiments with Ruminants.
II. Experiments with Swine.
Dec. 31, 1S96.
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LITERATURE.
The following publications have been consulted in com-
piling the tables of the digestibility of American feed
stuffs : —
Reports of Storrs (Connecticut) Experiment Station, 1894, 1895.
Reports of the Blaine State Experiment Station for 1886, 1887,
1388, 1889, 1890, 1891, 189a, 1894.
Reports of the Now York Experiment Station, 1884, 1888, 1889.
Reports of the Pennsylvania Experiment Station, 1887, 1888,
1889, 1890, 1891, 1892, 1893.
Bulletins Nos. 80 C, 81, 87 (1, 97 and 118 of the North Carolina
Experiment Station.
Bulletin N<>. 1(*>, Utah Experiment Station.
Bulletin N<». 8 of the Wisconsin Experiment Station for 1884,
and Sixth Annual Report, 1889.
Bulletin No. s of the Colorado Experiment Station.
Bulletins Nos. 26 and 36 of the Minnesota Experiment Station,
Bulletin No. 6 of the Oregon Experiment Station.
Bulletins Nos. 18, 1"> and 19 of the Texas Experiment Station.
Bulletins Nos. 20 and 41 of the Maryland Experiment Station.
Eleventh and Twelfth Annual Reports (1893 and 1894) of the
Massachusetts State Experiment Station.
Report of Hatch Experiment Station, 1895, 1896.
Bulletin No. 48 of the Illinois Experiment Station.
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REPORT OF THE CIIEMTST.
DEPARTMENT OE FERTILIZERS AND FERTILIZER
MATERIALS.
Charles A. Goessmann; Assistants: II. D. Haskins, R. H. Smith
Part I. Field Experiments.
1. Experiments to study the effect of raising leguminous crops
in rotation with grain crops on the nitrogen sources of the
soil.
2. " Nitragin," a germ fertilizer for the cultivation of leguminous
crops.
3. Observations with leguminous crops at Amherst.
4. Mixed annual forage crops v. clovers.
5. Experiments to study the economy of using natural phosphates
in place of acid phosphates (superphosphates).
6. Experiments to ascertain the influence of different mixtures
of chemical fertilizers on the character and yield of garden
crops.
Part II. Work in the Chemical Laboratory.
1. Report on inspection of commercial fertilizers.
2. New laws for the regulation of trade in commercial fertilizers.
3. Report on general work in the laboratory.
4. Compilation of analyses of manurial substances, fruits, garden
crops and insecticides.
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Part I.
REPORT ON FIELD EXPERIMENTS.
Charles A. Goessmann.
1. Field Experiments carried on for the Purpose of
studying the effect of a liberal introduction
of Clover-like Plants — Leguminous Crops—
into Farm Practice, as a Means of increasing
the Resources of Available Nitrogen Plant
Food en the Soil under Cultivation from the
Elementary Nitrogen of the Air. {Field A )
The observation of the fact that the different varieties of
clover and of clover-like plants in general, as peas, beans,
vetches, lupines, etc., are in an exceptional degree qualified,
under favorable conditions, to convert, by the aid of certain
micro-organisms of the soil, the elementary nitrogen of the
air into plant food, imparts to that class of farm crops a
special interest from an economical stand-point. This cir-
cumstance is in a controlling degree due to the following
two causes : —
First. — The nitrogen-containing soil constituents of plant
food arc, as a rule, in a high degree liable to suffer serious
changes in regard to their character and fitness as well as in
reference to their quantity.
Second. — Available nitrogen-furnishing manurial sub-
stances are the most costly articles of plant food in our
markets.
Field experiments which propose to show, by their results,
to what extent the cultivation of clover-like plants can be
relied on as a practical and economical means for securing
efficiently nitrogen plant food for the crops to be raised have
181)7.] PUBLIC DOCUMENT— No. 33. 17;;
deservedly of late engaged the most careful attention of
agricultural investigators
.
The systematic treatment of the field here under consider-
ation (Field A), as far as suitable modes of cultivation and
of manuring are concerned, was introduced during the season
of 1883 to 1884.
The subdivision of the entire area into eleven plats ' 4 one-
tenth of an acre each," of a uniform size and shape, 132 feet
long and 33 feet wide, with an unoccupied and unmanured
space of 5 feet in width between adjoining plats, has been
retained unaltered since 1884.
A detailed statement of the temporary aim and general
management of the experiments, as well as of the results
obtained in that connection from year to year, forms a
prominent part of my contemporary printed annual reports,
to which I have to refer for further details, 1884-96.
Our observations upon Field A are divided into three
periods : —
(a) Study of the existing soil resources of plant food,
1884 to 1889.
(b) Study of the effect of excluding nitrogen plant food
from outside sources and of adding nitrogen plant food in
various available forms, 1889 to 1892.
(c) Studying the effect of the cultivation of leguminous
crops on the resources of available nitrogen plant food in
the soil under treatment, 1892 to 1897.
The first four years of the stated period 1884 to 1889
were principally devoted to an investigation into the general
character and condition of the soil under cultivation as far
as its natural and inherent resources of available phosphoric
acid, nitrogen and potash were concerned.
The soil proved to be in particular deficient in potash.
Different varieties of corn (maize) were raised in succession
to assist in the investigation.
Since 1889 the main object of observation upon the same
field has been to study the influence of an entire exclusion
of any additional nitrogen-containing manurial substance
from the soil under cultivation, as well as of a definite addi-
tional supply of nitrogen in different forms of combination
on the character and yield of the crop selected for the trial.
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Several plats (4, 7 and 9) which for five preceding years
( 1**1 to 1889) had not received any nitrogen compound for
manorial purposes, were retained in that state, to study the
effect of an entire exclusion of nitrogen-containing manurial
substances on the crop under cultivation ; while the remain-
ing ones received, as before, a definite amount of nitrogen
in the same form in which they had received it in preceding
years, namely, either as sodium nitrate (1, 2), as ammonium
sulphate (5, 6, 8), as organic nitrogenous matter in form of
dried blood (3, 10), or of barn-yard manure (0).
A corresponding amount of available nitrogen was applied
in all these cases.
1889-94.
riat 0,
Plat 1,
Plat 2,
Plat 3,
Plat 4,
Plat 5,
Plat 6,
Plat 7,
Plat 8,
Plat 9,
Plat 10,
Annual Supply ofManorial Substances per Plat (1-10 of one Acre).
800 lbs. of barn-yard manure, 32 lbs. of potash-magnesia sulphate and
18 lbs. of dissolved bone-black.
29 lbs. sodium nitrate (=4 to 5 lbs. nitrogen), 25 lbs. muriate of
potash (= 12 to 13 lbs. potassium oxide), and 50 lbs. dissolved
bone-black (= 8.5 lbs. available phosphoric acid).
29 lbs. sodium nitrate (= 4 to 5 lbs. nitrogen), 48. 5 lbs. potash-
magnesia sulphate (= 12 to 13 lbs. potassium oxide), and 60 lbs.
dissolved bone-black (= 8 5 lbs. available phosphoric acid).
43 lbs. dried blood (=8 to 6 lbs. nitrogen), 25 lbs. muriate of potash
(= 12 to 13 lbs. potassium oxide), and 50 lbs. dissolved bone-black
(= 8.5 lbs. available phosphoric acid).
25 lbs. muriate of potash (= 12 to 13 lbs. potassium oxide) and 50
lbs. dissolved bone-black (= 8.5 lbs. available phosphoric acid).
22.5 lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 48.5 lbs. potash-
magnesia sulphate (= 12 to 13 lbs. potassium oxide), and 50 lbs.
dissolved bone-black (= 8.5 lbs. available phosphoric acid).
22.5 lbs. ammonium sulphate (=4 to 5 lbs. nitrogen), 25 lbs. muriate
of potash (= 12 to 13 lbs. potassium oxide), and 50 lbs. dissolved
!>one-blaek (= 8.5 lbs. available phosphoric acid).
25 lbs. muriate of potash (= 12 to 13 lbs. potassium oxide) and 50
lbs. dissolved bone-black (=8.5 lbs. available phosphoric acid).
22.5 lbs. ammonium sulphate (= 4 to 5 lbs. nitrogen), 25 lbs. muriate
of potash (= 12 to 13 lbs. potassium oxide), and 60 lbs. dissolved
bone-black (= 8.5 lbs. available phosphoric acid).
25 lbs. muriate of potash (= 12 to 13 lbs. potassium oxide) and 50
lbs. dissolved bone-black (= 8.5 lbs. available phosphoric acid).
43 lbs. dried blood (= 5 to 6 lbs. nitrogen), 48.5 lbs. potash-magnesia
sulphate (= 12 to 13 lbs. potassium oxide), and 50 lbs. dissolved
bone-black (= 8.5 lbs. available phosphoric acid).
Amount of fertilizing Ingredients used annually per Acre.
( Nitrogen, .... 45 pounds.
Plats <>,1, 2, 8, 5, 6, S, 10, J Phosphoric acid, ... 80 pounds.
Potassium oxide,
. . .125 pounds
( Nitrogen,
. .
. ,
. none.
Plati 1, 7, 9,
. . .
J Phosphoric acid, ... 80 pounds
1, Potassium oxide, . . . 125 pounds.
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The mechanical preparation of the soil, the incorporation
of the manurial substances, the seeding, cultivating and
harvesting, were carried on year after year in a like manner,
and as far as practicable on the same day in case of every
plat during the same year.
The annual yield of the various crops upon the different
plats showed, as a rule, that those plats (4, 7, 9) which had
not received in any form nitrogen for manurial purposes
yielded much smaller crops than those that annually received
in some form or other an addition of a corresponding amount
of available nitrogen.
The total yield of crops on the plats receiving no nitrogen
supply was, during the succeeding years, as follows:—
With corn in 1889, one-fifth less.
With oats in 1890, one-fifth to one-sixth less.
With rye in 1891, one-fifth to one-sixth less.
With soy bean in 1892, one-third to one-fourth less.
The results of four years (1889 to 1892) of observations
were expressed in the following conclusions : —
The experiments carried on upon Field A. during the years
1889, 1890, 1891 and 1892 show conclusively the impor-
tance of a liberal supply to the soil of an available form of
nitrogen to secure a successful and remunerative cultivation
of farm crops under otherwise corresponding favorable condi-
tions. For even a leguminous crop, the soybean, tvhen for
the first time raised upon Field A, did not furnish an excep-
tion to our observation (1892). (For details, see report for
1893-97.— Subsequent to the year 1892, when for the
first time in the more recent history of the field under dis-
cussion an annual leguminous crop), a late-maturing variety
of soy bean, had been raised upon it, it seemed of interest to
ascertain whether the raising of the soy bean upon Field A
had increased the amount of available nitrogen stored up in
Kind of Crops raised.
Corn (maize)
Oats, .
Rye, .
Soy bean,
in 1889.
in 1890.
in 1891.
in 1892.
1892.)
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the soil to such an extent as to affect the yield of succeed-
ing crops upon those plats (4, 7, 9) which, as a rule, had
not received at any time for eight successive years an
addition of available nitrogen from any other manurial
source but the atmospheric air and the roots left in the soil
after harvesting the crops raised.
A grain crop (oats) was selected as the crop suitable to
serve for that purpose. The general management of the
experiment, as far as the preparation of the soil, manuring
and seeding-Mown are concerned, was the same as in previous
years (see tenth annual report).
An examination of the yield of the crop in 1893, secured
upon the different plats, showed that the total crop per acre
on those plats to which no nitrogen was applied (4, 7, 9)
averaged 800 pounds less than in case of the plats which
received their regular supply of nitrogen in some form or
other. The average yield of oats upon the plats (4, 7, 9)
which had received no nitrogen supply from any outside
source was from one-seventh to one-eighth less in weight than
the average yield of the remaining plats, which received
annually additional nitrogen supply.
From these results it appeared that the introduction of an
annual leguminous crop into our rotation had somewhat
reduced the difference in yield between the plats receiving
no nitrogen and those receiving it, yet had not entirely
obliterated it. It was decided to continue the observation
by repeating the raising of soy beans in 1894, oats in 1895
and soy beans in 1896.
1894,— To secure, if possible, more decisive results
regarding the presence and absence of available nitrogen,
it was decided to use twice the amount of phosphoric acid
and potassium oxide, as compared with the preceding years.
Amn„„t of Fertilizing Ingredients applied per Acre during 1894.
( Nitrogen, .... 45 pounds.
Tints 0,1, 2, 5, 6, 8, 10, \ Phosphoric acid, ... 160 pounds.
[ Potassium oxide, . . . 250 pounds.
f Nitrogen,
. . . .
•
' none.
Plats 4.7, «t,
.
J Phosphoric acid,
. . . 160 pounds.
[ Potassium oxide, . . . 250 pounds.
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An early-maturing variety of soy bean was selected for
the experiments. The fertilizer mixtures were applied as in
previous years, broadcast, in the middle of April. Owing
to the protracted drought of July and August the crop did
not get that fulness of growth which might have been ob-
tained under more favorable conditions. The crop was cut
August 28.
The difference in the average yield of crop betweeu the
plats (4, 7, 9) which thus fan* had received no available nitro-
gen from outside manorial sources, as compared with that
from those which had received it in some form or other, was
more marked than in previous years. It amounted to one-
third in favor of the latter.
1895.— In 1895 oats were again selected, as stated above,
to succeed soy bean, for the reason of permitting a direct
comparison of the results of 1892 (soy beau) and 1*93
(oats) with those of 1894 (soy bean) and 1895 (oats).
The ploughing, manuring, seeding down, etc., was carried
out in the same manner as during the preceding season
(1894).
The average yield of the plats with and without nitrogen
supply from outside sources showed that no material change
in their relative degree of productiveness had taken place.
1896. — It was decided to substitute in our experiment
a perennial leguminous plant, medium red clover, for the
annual leguminous plant, the soy bean, to ascertain whether
more satisfactory results will be secured from that change.
As a few years' observation are required to obtain a satis-
factory basis for reliable conclusions, reports are deferred.
2. Experiments with "Xitragix." a Germ Fertilizer
for the Cultivation of Clover axd Clover-like
Plants— Leguminous Crops .
The history of progress in agriculture shows that a more
general and liberal introduction of clover and clover-like
plants, as beans, peas, vetches, etc., as forage crops, into a
general system of farm management has everywhere increased
the chances of a more remunerative farming. The valuable
investigations of Laws and Gilbert have furnished strikiug
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proofs of the special claims of these crops as nitrogen gather-
ers when compared in that direction with grain crops.
The subsequent important discovery of the real cause of
the exceptional behavior of these crops by Hellriegel and
others has given not only a satisfactory explanation of pre-
vious observations in practical agriculture but has also im-
parted, for economical reasons, an increased interest in the
study of successful methods of raising clovers, etc., without
the aid of a liberal supply of nitrogen-containing manurial
substances.
Hellriegel and his co-laborers established by careful obser-
vation the fact that leguminous plants, like clovers, beans,
vetches, lupines, etc., with the assistance of certain micro-
organisms (root bacterium) found in the soil, can utilize the
elementary nitrogen of the air for the formation of nitrogen
plant food Ht for the support of their growth.
These micro-organisms fasten themselves upon the roots
of the clover, etc., penetrate the epidermis and form in the
course of their growth swellings, nodules or tubercles, of
varying size and shape. Their presence and growth in the
tissue of the roots of this stated class of plants is considered
an essential condition for the conversion of the elementary
nitrogen of the air into suitable nitrogen plant food. The
recognition of the circumstance that their presence or ab-
sence in the soil controls the results in a material degree,
even under otherwise favorable conditions, has turned the
attention of progressive agriculturists towards the study of
the circumstances which secure success.
Quite prominent among the more recent results of investi-
gation in this direction are the observations that a variety of
root bacterium exists ; that some infest the roots of one kind
of leguminous plant while others thrive upon other kinds : that
is to say, some leguminous crops may fail to give satisfactory
returns where others prosper on account of the presence or
absence of the right variety of root bacterium, or of suitable
condition of the soil for their vigorous development.
These results caused the introduction of various modes of
infecting the soil, wherever found necessary, with the de-
sired kind of bacterium germ, before seeding down the new
crop. A very common method consisted in scattering a
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certain amount of soil, taken from a Held where the c rop to
be raised has been successfully grown, over the surface of
the new land before ploughing it. This method has In en
successfully practised by us on various occasions. Another
is to abstract with water some of the soil, which from previ-
ous observation is known to contain the desired root bacte-
rium germs, and sprinkle the watery extract over the soil
before ploughing.
One of the latest developments in this direction is the
appearance in the general market of patented germ fertilizer
for leguminous crops. Considering the whole subject from
a practical stand-point of sufficient interest, I insert below a
copy of a circular received at this office. The connection of
two German investigators of excellent reputation with the
enterprise invites attention.
Three different kinds of germ fertilizers, for medium red
clover, for crimson clover and for sweet or Bokhara clover,
have been imported during the past season and are on trial
upon the grounds of the station.
NlTRAGIN
.
Germ Fertilizers for Leguminous Crops.
(Prepared according to Drs. Xobbe and Hiltner.)
The principal food materials abstracted from the soil by plants,
and which therefore require to be replaced in the form of manures,
are potash, phosphoric acid, lime and nitrogen.
Respecting the last it has been known that leguminous crops,
such as clover, vetches, peas, beans, lupines, etc
,
do not usually
require to be manured with nitrogen (in form of nitre or ammo-
niacal compounds), and yet under favorable conditions yield rich
harvests, whilst the soil is even enriched with nitrogen.
The reason of this peculiar behavior for many years remained
unexplained, but the onward march of modern science has now
demonstrated the ability of leguminous plants to abstract nitrogen
from the air, only, however, by the aid of a specific kind of micro-
organism, a bacterium that resides in the characteristic nodules on
the roots. If these bacteria are not at the disposal of the plant
then it looses its ability to utilize the atmospheric nitrogen, and
hence it is found that not every leguminous plant is able to flourish
luxuriantly without nitrogenous manure
;
many remain small and
stunted under conditions otherwise favorable, and evidently suffer
from the lack of nitrogen.
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It is therefore a matter of extreme importance to the farmer to
make certain thai, each field of legumes is supplied with the necessary
quantum of bacteria; only then can he expect to obtain full crops
from poor sandy soils without nitrogen manures (i. e., without salt-
petre, ammonia, etc.), and only then icill he reap the advantage of a
soil enormously enriched with nitrogen.
The wide bearing of this newly discovered principle has already
been taken into practical consideration, and fields are now inocu-
lated, that is to say, strewn with earth in which legumes have
already flourished. This method, however, apart from its great
oosl and the loss of time and labor entailed, also involves the
danger of disseminating injurious as well as useful bacteria.
This disadvantage is, however, now completely overcome by the
pure patent germ fertilizer Nitragin, which consists of a pure cul-
tivation of the specific bacteria of legume nodules in a suitable
medium.
The inoculation of the seed or of the soil with the germ fertilizer,
according to the directions given below, possesses the following
advantages : —
1. Every single seed is surrounded with bacteria which, after
germination, penetrate the root hairs and commence their role as
collectors of nitrogen, so that a good crop is secured in the
poorest soil without nitrogenous manures.
2. Through the storage of nitrogen by the bacteria, the soil
itself becomes richer in nitrogen in an assimilable state, to the
advantage of the other crops grown in rotation.
3. The disadvantages of the mode of inoculation previously
adopted are avoided.
I. Manuring with nitrogen in the form of saltpetre, ammonium
salts, etc., is absolutely unnecessary.
Directions for Use.
Every bottle contains sufficient for inoculation of 2| roods.
If the contents of the bottle have already become liquid, they
are used as described below for the direct inoculation of the seed.
It' solid, the contents can be easily liquefied by warming the bottle
gently for a few minutes, for instance, in the trousers' pocket, in
tepid water or in a warm room. Exposure to temperature above
the heat of the body, which is amply sufficient to melt, or to direct
sunlight must under all circumstances be strictly avoided.
The Liquid contents are poured into a vessel containing one to
three pints of dean water (carefully washing out the whole con-
tents of the bottle with a little water), and then shaken or stirred
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until the fertilizer is equally distributed throughout the vessel and
the bacteria are well mixed in the water.
The inoculated water thus prepared is poured over the seed and
worked with the hands (or the shovel) until every seed has been
moistened. If the quantity of water is insufficient more must be
added, but usually for small seed a pint and a half will suffice and
for large seeds two to three quarts. The moistened seed is then
reduced to a condition suitable for sowing by mixing with some
dry sand or fine earth and if necessary allowing it to stand, turn-
ing it over from time to time ; too great dryness is deleterious.
The sowing and turning in is carried out in the manner usually
practised. If possible, however, avoid sowing in glaring sun-
light.
Instead of inoculating the seed, the same and. in some cases,
better results are obtained by inoculating the soil by mean- of
inoculated earth. For this purpose for every 2}, roods one-half
a hundred weight of earth is inoculated in the above-described
manner, using a proportionately larger quantity of water ; the
inoculated earth is then dried in the air or mixed with dried earth,
scattered equally over the field, and worked in three or four
inches deep.
For larger surfaces than 2^ roods a corresponding number of
bottles must be used (8 bottles to 5 acres).
As the bacteria are absolutely innocuous, there is no fear of
danger from the bottles being left about or employed for other
purposes.
Attention is specially directed to the fact tJiat the " germ fertilizers"
should only be used for the specie* of Leguminosce marked on the
label o f the bottle. For greater distinction the bottles bear differently
colored labels.
Manufactured by the Farbwerke vorm. Meister Lucius &
Bruning, Hoechst on Main, Germany.
Specification of the Various Kinds of " Nitragin " {registered) Germ
Fertilizers for Leguminous Crops.
Common pea (Pisum sativum), red label.
Sand pea (Pis/on arcense), red label.
Common vetch (Vieia saiiva), blue label.
Hairy vetch (Vieia villosa) , blue label.
Common field bean or horse bean ( Vieiafaba), blue label.
White lupine (Lupin us <dbus), green label.
Yellow lupine (Lupinus lutens), green label.
Blue lupine (Lupinus angustifolus), green label.
Clover, red (Trifolium pratense), label gold on green.
White clover or Dutch clover (Trifolium repens), label gold on green.
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Alsike clover (Trit'nlyim hybridum), label gold on green.
Carnation clover or trifolium (Trifolium incarnafum), label gold on
green
.
Bokhara clover (Melilotns alba), label gold on green
Black medick (Medicayo hqmlina), label gold on white.
Lucerne (alfalfa) (Mcdicayo saliva), label gold on white.
Kidney vetch (Anfhyllis vulneraria), label gold on white.
Sainfoin (Onobrychis saliva) , gold label on violet.
Serradella (Ornithopus salivus), label gold on pink.
Wild everlasting pea (Lathyrus sylvestris), label gold on blue.
When giving your esteemed orders for Nitragin we shall thank
you to Btate always, for what kind of leguminous crops you wish
to receive the germ fertilizers.
Yours respectfully,
Fabbwerke vokm. Meister Lucius & Bruiting.
3. Observations with Leguminous Crops at Amherst.
The cultivation of leguminous crops has for years received
special attention at our hands. The majority of reputed
leguminous forage crops congenial to our climate have been
raised repeatedly and on a sufficiently large scale in most
instances to form a fair opinion regarding their merits as
forage crops in our section of the country.
The following statement contains the kinds of legumi-
nous crop- experimented with at Amherst: —
Medium rod clover (Trifolium medium).
Alsike clover (Trifolium hybridum)
.
CriasoD clover {Trifolium incamalum).
Japanese clover (Lespedeza striata).
Bokhara clover (sweet clover) (Melilotus alba).
Serradella (Ornitlwpus sativus).
Sainfoin (Onobrychis saliva).
Alfalfa (Midicago saliva.)
Scotch tares.
Lentil (Ervum lens).
Summer vetch ( Vicia saliva).
Kidney vetch (Anthyllis vulneraria).
Horse bean (Vicia Jaba).
Early-maturing soy bean (So/a hispida).
Late-maturing soy bean (Soja hispida).
Peas (Pisum sativum).
Cow pea (Dolichos sinensis).
Flat pea (Lathyrus sylvestris).
White lupine (Lupinus albus).
Yellow lupine (Lupinus lutcus).
Blue lupine (Lupinus perennis).
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For details I have to refer to previous annual reports.
The following local observations are worth mentioning
again on this occasion : —
(a) Alfalfa (Medicago saliva) and crimson clover (Tri-
folium uicarnatum), in repeated trials, suffered seriously
from winter-killing. This result has to be ascribed more to
late frosts early in spring, when the ground is filled with
water, than to the severity of mid-winter.
(b) Mixed crops of peas, vetch and horse bean, and
vetch and oats or barley have given, as a rule, very satisfac-
tory returns as far as quality and quantity are concerned.
(c) Soy beans, early and late varieties, have yielded, as
a rule, during average seasons large crops ; yet they have
failed to enrich the soil they were raised upon sufficiently
in available nitrogen plant food to secure under otherwise
corresponding conditions, as far as the supply of available
potash and phosphoric acid is concerned, as high a yield of
a succeeding crop of rye, oats, barley and even soy bean,
as where from forty to fifty pounds per acre of an available
form of nitrogen were added. The liberal addition of nitrates
to the soil interfered with a liberal development , of root
tubercles, in case of soy bean, in a well-infected soil.
Similar results are reported by other investigators in
regard to lupines followed by oats or potatoes ; an addition
of nitrates in connection with a potash and phosphoric acid
containing fertilizer increased the yield. The infection of
the soil by lupine bacterium did not benefit the growth of
other leguminous crops.
The belief that each variety of leguminous crop is associ-
ated with a root bacterium of its own finds support in the
circumstance that the root tubercles of different varieties of
these crops quite frequently vary, not only in size and shape
but in their mode of distribution over the main roots or root-
lets. Illustrations of this feature have been furnished by the
writer in form of photographs from nature in case of soy
bean, horse bean, lupines, etc., (see State station report for
1894).
Much has been learned regarding the symbiotic or com-
bined life of root bacteria and leguminous plants, yet much
further investigation in the vegetation house and the field
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is evidently needed to secure to the fall extent
and with cer-
tainty the economical advantages to be derived from the
railing of crops which are capable of converting, without
expense, the elementary nitrogen of the air into available
nitrogen plant food.
Our attention, as will be seen from preceding statements,
has been of late direc ted to the question whether perennial
leguminous crops, as our current varieties of clovers, may
prove more satisfactory as nitrogen gatherers for general
farm purposes than annual leguminous crops, as soy bean,
lupines, etc.
4 . Mixed A \ n dal Forage Chops v . Clovers ( Field B )
.
The importance of a more liberal and economical supply
of nutritious forage crops for the support of farm live stock
is quite generally recognized by all parties interested.
Mixed forage crops, consisting of early-maturing annual
leguminous crops, clover-like plants and of either oats or
barley, suggested themselves for trial ; for they attain in our
locality a high feeding value at a comparatively early period
of the season, — towards the end of June when in bloom;
they can serve with benefit in form of green fodder, hay or
ensilage, as circumstances advise ; they yield under fair con-
ditions large quantities of fodder of a highly nutritious char-
act er, and permit a timely reseeding and maturing of a
second crop upon the same lands.
The tields used for our earlier observations, in 1893-94,
were located in different parts of the farm. They were, as
a rule, in a fair state of cultivation, as far as the mechanical
condition of the soil as well as its store of plant food was
concerned. The soil consisted in the majority of cases of a
somewhat gravelly loam (see reports for 1893-94).
The field used in the experiments, subsequently described
somewhat in detail, consisted of a light loam and was di-
vided into eleven plats of corresponding shape with four
feet of unoccupied space between them. It was used for the
cultivation of potatoes in preceding years. The plats had
received on that occasion in all cases the same amount and
form of nitrogen and phosphoric acid, in form of ground
lilies, while the potash supply consisted in alternating
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order of plats either of muriate of potash or of high-grade
sulphate of potash, containing the sauie amount of potassium
oxide in every ease (400 pounds of muriate of potash, 80 to
82 per eent., or of high-grade sulphate 4 of potash, 95 per
cent., and 600 pounds of tine-ground bones per acre).
This system of manuring the plats has been followed ever
since 1893. The same crops have been raised each season
upon adjoining pints to notice the particular effect of both
forms of potash on the crop raised (for details sec previous
reports).
Vetch and Oats and Vetch and Barley.
1894. — The same amount and kind of manure were ap-
plied for raising vetch and oats and vetch and barley. The
field occupied by these crops Avas ploughed, manured, har-
rowed and seeded down, as far as practicable, at the same
time. The seed was sown in all cases April 26. Four
bushels of oats with 45 pounds of vetch were sown, as on
previous occasions, while 3 bushels of barley were used
with 45 pounds of vetch per acre in case of barley and vetch.
Both crops came up May 4 and were of a uniformly healthy
condition during their subsequent growth. The barley began
to head out June 20 ; the vetch was at that time beginning
to bloom. The crop was cut for hay June 23.
It needs no further statement to understand that the quality
of the seeds and of the soil ought to be considered in decid-
ing about weights of the former. Close cultivation is de-
sirable in case of this class of forage crops, for it favors a
succulent, tender structure and keeps weeds out.
Average Yield of Crops.
Yield of Barley and Vetch per Acre.
In case of muriate of potash and bone, . . 5,737 pounds of hay.
In case of sulphate of potash and bone,
.
. 5,077 pounds of hay.
The oats headed out June 25 ; the vetch was fairly in
bloom at this time. The crop was cut for hay July 2.
Yield of Oat* and Vetch per Acre.
In case of muriate of potash and bone, . . 8,051 pounds of hay.
In case of sulphate of potash and bone, . . 7,088 pounds of hay.
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2895. During that year the observations of the preced-
ing year were repeated and in some directions enlarged;
oata, vetch and horse bean, and oats and lentils were added
to those of the preceding year. The same kind and quantity
of manure* were applied. The field was ploughed April 25
and the manure harrowed in May 3 ; the seed was sown
broadcast May !>. All parts of the Held were treated alike,
and as tar as practicable on the same day. The plats occu-
pied bv the crops were in all cases 33 feet wide, with 4 feet
unoccupied space between them, and from 191 to 241 feet
long. The yield of areas 17") feet long and 33 feet wide,
running along by the side of each other, served as our basis
for comparing results (5,775 square feet) (for details see
report for lcSHT)).
Yield of Vetch and Oats per Acre.
In o*M of mufiate of potash and bone 7,238 pounds.
In ease of sulphate of potash and bone, .... 6,635 pounds
Yield
<>f Vetch, Horse Bean and Oats per Acre.
In case of muriate of potash and bone, .... 7,398 pounds
In ease of sulphate of potash and bone, .... 5,881 pounds.
Yield of Oeils and Lentils per Acre.
The experiment was confined to a trial writh sulphate of
potash and bone as manure on account of want of a suitable
field. The yield was 5,881 pounds of hay.
After the crops stated had been harvested, during the
middle of duly, in the form of hay, the field was ploughed
and prepared for the cultivation of a variety of clovers,
mammoth red clover, medium red clover, alsike or Swedish
clover, crimson clover and sweet or Bokhara clover, to com-
pare the crops resulting during two succeeding years with
those obtained in case of mixed crops of vetch and oats, etc.
The subdivision of the held into eleven plats was the same
as in the preceding year; each plat received the same kind
and amount of fertilizer as before; the mechanical prepara-
tion of the soil was in all cases the same. The seeding
down of the different plats took place on the same day, July
23, 1895.
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Plats 11 and 12 were each seeded down with 3 pounds of
sweet clover seed.
Plats 13 and 14 were each seeded down with 3 pounds of
mammoth red clover seed.
Plats 15 and 16 were each seeded down with 3 pounds of
medium red clover seed.
Plats 17 and 18 were each seeded down with 2h pounds of
alsike or Swedish clover seed.
Plats 19 and 20 were each seeded down with 4 pounds of
crimson or scarlet clover.
Plats 11, 13, 15, 17 and 19 received their potash in form
of muriate of potash (80 to 82 per cent.) ; plats 12, 14,
16, 18 and 20 in form of high-grade sulphate of potash (95
per cent.).
Subsequent History of Crops on Different Plots.
Plats 11 and 12. — The frost affected the crop somewhat
by heaving of the soil ; the growth was thin and of a light
color except in some instances where a deep color and large
growth was noticed. A subsequent examination showed in
these cases an exceptional development of tubercles on the
roots. The crop was harvested June 19.
Plat 11. — Crop.weighed green 200 pounds.
Plat 12.— Crop weighed green 285 pounds.
On account of unsatisfactory condition of the plats both
were ploughed July 15 and reseeded on July 30, 1896, with
10 pounds of sweet clover seed each, to notice whether a
more liberal infection of the soil with suitable bacterium
thus secured would result in better and larger returns. Nov.
1, 1896, the crop was looking well and was one foot in
height. The dark spots of growth had spread greatly.
Plats 13 and 14. — The crops upon these plats looked
well in the fall and during the succeeding spring. The crop
was cut before it had reached full bloom. June 23, on account
of its being badly lodged ; they were harvested as hay
June 29.
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Total Yield of Hay.
PLATS.
Yield of Hay
(Pounds).
Yield
of Kowen
(Pounds).
Total Yield
ofDry Matter
(Pounds).
13 616
650
295
305
756.65
796.32
The s( x I looked well on both ] >lats Nov 1, 18J>6.
plats IS and 16. — The crop looked healthy in the fall
and in the succeeding spring; the crop was cut when in full
bloom, June 1!», and harvested June 23. The rowen was
cut July 28 and harvested July 30. A third crop was cut
October 9 and harvested October 2(>.
Total Yield of Hay.
PI.ATS.
Yield of Qaj
(Pounds).
Yield Of
Second Crop
(Pounds).
Yield of Third
Crop
(Pounds).
Total Yield
of Dry flatter
(Pounds).
u
16
455
455
276
294
120
120
686.62
720.55
The sod looked to be in good condition on both plats
Not, t, 1896.
Plait 17 (Did IS.— The crop looked well from the begin-
Ding and was in bloom June 7. The hay was cut and
harvested dune 1!) and 23.
Total Yield of Tlay.
PLATS. Yield ofHay
(Pounds).
Yield
of Howen
(Pounds).
Total Yield
of Dry Matter
(Pounds).
620
455
325
200
733.21
518.56
Nov. I, L896, the sod looked exhausted and was covered
•Hth weeds and sorrel.
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Flats 19 and 20. — These plats looked well in early win-
ter but almost every plant died out in early spring. The
plats were reseeded during the month of April, 18 (J<',, with
5J pounds of seed on each plat. The hay was cut when in
bloom July 17 and harvested July 23. The crop was in
poor condition when cut and never sprouted again.
Total Yield of Hay.
PLATS.
Yield of Hay
(Pounds).
Total Yield of
Dry Matter
(Pounds).
575 422.91
595 406.94
Summary of Yield of Crops in 1896 {Dry Matter).
[Pounds.]
PLATS. Hay. Kowen.
Total Yield of
Dry Matter.
11, •
12, .
13, . 511.62 245.03 756.65
W, . 541.58 254.74 796.32
15, . 373.46 313.16 686.62
16, . 390.12 330.43 720.55
17, . 458.49 274.72 733.21
18, . 356.54 162.02 518.56
19, . 422.91 422.91
20, . 406.94 406.94
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5, Field Experiments with Different Commercial
Phosphates, to study the Economy of using
IBM ChBAPEB Natural Phosphates or the More
Costly Acidulated Phosphates. (Field F.)
The field .selected for this purpose is 300 feet long and
137 feet wide, running on a level from east to west. Pre-
vious to 1**7 it was used as a meadow, which was well
worn out at that time, yielding but a scanty crop of English
hay. During the autumn of 1887 the sod was turned under
and left in that state over winter. It was decided to prepare
the field for special experiments with phosphoric acid by sys-
tematic exhaustion of its inherent resources of plant food.
For this reason no manorial matter of any description was
applied during the years L887, 1888 and 1889.
The soil, a fair sandy loam, was carefully prepared every
year by ploughing during the fall and in the spring, to im-
prove its mechanical condition : during the same period a
erop was raised every year. These crops were selected, as
far as practicable, with the view to exhaust the supply of
phosphoric acid in particular. Corn, Hungarian grass and
leguminous crops (cow pea, vetch and serradella) followed
each other in the order stated.
In L890 the field was subdivided into five plats, running
from east to west, each 21 feet wide with a space of 8 feet
between adjoining plats. The manurial material applied to
each of these live plats contained, in every instance, the same
form and the same quantity of potassium oxide and nitrogen,
while the phosphoric acid was furnished in each case in the
form of a di tierent commercial phosphoric-acid-containing
article, namely, phosphatic slag, Mona guano, Florida phos-
phate. South Carolina phosphate, floats and dissolved bone-
black. The market cost of each of these articles in 1890
controlled the quantity applied, for each plat received the
same money value of its particular kind of phosphate. The
phosphatic slag, Mona guano, South Carolina phosphate,
floats and Florida phosphate were applied at the rate of 850
pounds per acre, dissolved bone-black at the rate of 500
pounds per acre. Nitrate of soda was applied at the rate of
250 pounds per acre and potash-magnesia sulphate at the
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rate of 390 pounds per acre. (For the analysis of phos-
phates and cost of each in 1890 see report for 189.").)
The following fertilizer mixtures have been applied annu-
ally, from 1890 to 1894, to all plats, with the exception of
Plat 3, which received in 1890 ground apatite and in 1891
no phosphate whatever, on account of the failure of securing
in time apatite suitable for the trial.
Annual Supply ofManorial Substances.
Plat 1 (south, 0,49-4 square feet),
Plat 2 (0,505 square feet),
Plat 3 (0,030 square feet),
Plat 4 (0,707 square feet),
Plat 5 (0,778 square feet),
Ground phosphatic slag,
Nitrate of soda,
Potash-magnesia sulphate,
Ground Mona guano,
.
Nitrate of soda, .
Potash-magnesia'sulphate,
Ground Florida phosphate,
Nitrate of soda, .
Potash-magnesia sulphate,
South Carolina phosphate,
Nitrate of soda,
Potash-magnesia sulphate,
Dissolved bone-black, .
Nitrate of soda,
Potash-magnesia sulphate,
127
4:3
58
128
43^
59
129
44
59
131
44 \
00
78
45
01
Names of Crops raised from 1890 to 1894.
1890, potatoes (see eighth annual report of Massachusetts
State station)
; 1891, winter wheat (see ninth annual report
of Massachusetts State station)
;
1892, serradella (see tenth
annual report of Massachusetts State station)
; 1893, Dent
corn, Pride of the North (see eleventh annual report of
Massachusetts State station).
Summary of Yield of Crops (Pounds).
PLATS.
1890. 1891. 1892. 1893.
Potatoes. Wheat. Serradella. Corn.
Plat 3, Florida phosphate, .
Plat 5, dissolved bone-black,
1,600
1,415
1,500
1,830
2,120
380
340
215
380
405
4,070
3,410
2,750
3,110
2,920
1,660
1,381
1,347
1,469
1,322
Having for four years (1890-94) in succession pursued
the above-stated system of manuring each plat with a differ-
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cut kind of phosphite, vet of corresponding money value,
it was decided to continue the experiments for the purpose
of itudjing the (tflan-efecl of the different phosphates on the
lTO |is to Ik- raised. To gain this end the phosphates were
hen -after iii all eases entirely excluded from the fertilizers
applied; in addition to this change, the former amount of
potash and nitrogen was increased one-half in quantity, to
fav.»r the highest effect of the stored-up phosphoric acid in
the -oil under treatment.
The fertilizer- hereafter need had the following composi-
tion : —
Flat 1 [MM square feet),
Plat - square feet),
PUX 3 (6.6S6 square feel ,
PUi 4 (6,T0: square feet:
,
PUl 5 C6,::a Kjuare feet ,
( Wj pounds of nitrate of soda.
\ n pounds of potash-magncitia sulphate.
{ Bl pounds of nitrate of soda.
j &s pounds of potash-magnesia sulphate.
< 66 pounds of nitrate of soda.
| 89 pounds of potash-magnesia sulphate.
( 66} pounds of nitrate of soda.
\ 90 pounds of potash-magnesia sulphate.
( 671 pounds of nitrate of soda.
I 9u£ pounds of potash-magnesia sulphate.
The results of three years ( 1^>4 to 1896) are as follows : —
Barley.
Yield of Crop (1894).
Plats.
.
Grain and
Straw
(Pounds).
Grain
(Pounds).
Straw and
Chaff
(Pounds)
Percentage
of Grain.
Percentage
of Straw.
169 221 54.49 65.51
405 1+5 251 34.07 65.93
290 78 212 26.89 73.11
465 144 216 31.30 68.70
390 118 272 m.m 09.74
Bye.
Yield of Crop (1S95).
Plats.
Grain and
Straw
(Pounds).
Grain
v
Pouuds).
Straw and
Chaff
(Pounds).
Percentage
of Grain.
Percentage
of Straw.
Plat 1 695 195 500 28.06 71.94
ftot 631 166 465 26.31 73.69
Plat 3, 3S3 143 240 37.34 63.66
Plat 4 759 1S9 570 24.90 75.10
Plat 5 625 185 440 29.60 70.40
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Medium Green Soy Bean,
Yield of Crop (1896).
Plats.
Whole
Crop
(Pounds).
Beans
(Pounds).
Straw,
etc.
(Pounds).
Percentage
of Beans.
Percentage
of
Straw, etc.
Platl,. 680 254 426 37.20 62.80
Plat 2,
.
773 233 540 30.14 69.86
Plat 3, 717 262 455 36.54 63.46
Plat 4, 752 252 500 33.51 66.49
Plat 5, 742 247 495 31.94 68.06
Summary of Yield of Crops (1890 to 1896).
[Pounds.]
Plats.
189a. 1891. 1892. 1893. 1891. 1895. 189G.
Potatoes. Wheat. Serradella. Com. Barley. Rye. Soy Bean.
Plat 1, phosphatic slag, 1,600 380 4,070 1,660 490 695 254
Plat 2, Mona guano, 1,415 340 3,410 1,381 405 630 233
Plat 3, Florida phos-
phate.
Plat 4, South Carolina
phosphate (floats).
Plat 5, dissolved bone-
black.
1,500
1,830
2,120
215
380
405
2,750
3,110
2,920
1,347
1,469
1,322
290
460
390
383
759
625
262
252
247
Conclusions.
From the previous statement of comparative yields for
average successive years we find that the plat receiving dis-
solved bone-black leads in yield during the first two years
while the third, fourth, fifth and sixth years the plats re-
ceiving phosphates insoluble in water are ahead, phosphatic
slag being first, with South Carolina floats second.
The following statement regarding the phosphoric acid
applied in the case of each plat, and also the amount re-
moved from them by the crops raised, shows approximately
how much the former is still stored up in the soil in each
plat, not considering the original inherent amount in the
soil at the beginning of the trial : —
HATCH EXPERIMENT STATION. [Jan.
Phoaphotie Acid applied to and removed from Field {Pounds) .
1890.
Potatoes.
1891.
Wheat.
I*i>2.
Berradella.
1893.
Corn. a3
«
a3
1
Total
Amount
remaining.
PLATS.
•a
I
"3
•a
<
Removed.
Added.
Removed.
Added.
Removed.
Added.
Removed.
Total
Amo'
added.
Total
Amo
;
removed.
Platl, . 24.18 2.56 24.18 1.23 24.18 8.95 24.18 7.20 96.72 19.94 77.78
Plat 2, . 28.01 2.36 28.01 1.19 28.01 7.50 28.01 6.33 72.04 17.38 54.66
Plat 3, . 109.68 2.40 .69 28.01 6.05 28.01 5.95 165.70 15.09 150.61
Plat 4, . 36.12 2.93 36.12 1.31 36.12 6.84 36.12 6.68 144.48 18.12 126.36
Plat 5, . 12.34 3.39 12.34 1.22 12.34 6.42 12.34 6.05 49.36 17.08 32.28
Phosphoric Acid applied to and removed from Field (Pounds) —
Concluded.
1894.
Barley.
1895.
Rye.
1806.
Soy Bean. a a
Total
Amount
remaining.
PLATS.
Added.
>
o
a
1
a
•a
<
Removed.
Added.
Removed.
Total
Amoi
added.
Total
Amoi
removed.
Plat 1, . 1.92 3.41 5.84 96.72 31.11 65.61
Plat 2, . 1.64 3.04 5.75 72.04 27.81 44.23
Plat 3, . .76 2.06 6.07 165.70 23.98 141.72
Plat 4, . 1.72 3.61 6.01 144.48 29.46 115.02
Plat 5, . 1.49 3.11 5.89 49.36 27.57 21.79
The experiment needs continuation to secure more decisive
results.
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6. Field Experiments to ascertain the Influence of
Different Mixtures of Commercial Fertilizers
on the Yield and General Character of Sev-
eral Prominent Garden Crops.
The area devoted to the above-stated experiment is 198
feet long and 183 feet wide ; it is subdivided into six plats
of uniform size ((SKA by 62 feet, or about one-eighth of an
aereeaeh). The plats are separated from each other and
from the adjoining eultivated fields by a space of 5 feet of
unmanured and unseeded yet eultivated land.
They are arranged in two parallel rows, running from
east to west. Plats Nos. 1,2 and 3 are along the north side
of the field, beginning with No. 1 at its west end, while plats
Nos. 4, 5 and 6 are located along its south side, beginning
with Plat 4 on the west end. The soil is several feet deep,
and consists of a light, somewhat gravelly loam, and was in a
fair state of productiveness when assigned for the experiment
here under consideration. The entire field occupied by the
experiment is nearly on a level. Potatoes and a variety of
forage crops have been raised upon it in preceding years.
The manure applied since 1885 has consisted exclusively
of fine-ground bone and muriate of potash, annually, 600
pounds of the former and 200 pounds of the latter per acre.
The observation with raising garden crops by aid of the
different mixtures of commercial manurial substances, here
under special consideration, began upon plats Nos. 4, 5 and
6 during the spring of 1891, and upon plats Nos. 1, 2 and 3
during that of 1892.
The difference of the fertilizers applied consisted in the
circumstance that the different forms of nitrogen and pot-
ash were used for their preparation. All plats received
essentially the same quantity of nitrogen, potash and phos-
phoric acid, and every one of them received its phosphoric
acid in the same form, namely, dissolved bone-black. Some
plats received their nitrogen supply in form of organic animal
matter, dried blood; others in form of sodium nitrate, Chili
saltpetre ; others in the form of ammonium sulphate. Some
plats received their potash in the form of muriate of potash
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( plats 1, 2, 3), and others (plats 4, 5, 6) in the form of the
highest grade of potassium sulphate (95 per cent.). The
subsequent tabular statement shows the quantities of manu-
rial substances applied to the different plats : —
Plats. Annual Supply of Manurial Substances.
rial 1,
Plat 2.
Plat 3,
Plat 4,
Plat 5,
Hat 6.
Sulphate of ammonia,
Muriate of potash,
Dissolved booe-b'ack,
Nitrate of soda, .
. . Muriate of potash,
1 Dissolved bone-black,
j Dried blood,
< Muriate of potash,
t Dissolved bone-black,
( Sulphate of ammonia,
< Sulphate of potash, .
[ I Dissolved bone-black,
Nitrate of soda, .
Sulphate of potash, .
Dissolved bone-black,
Dried blood,
Sulphate of potash, .
Dissolved bone-black,
This proportion corresponds per acre to :—
Pounds.
Phosphoric acid (available), 50.4
Nitrogen, . 60. u
Potassium oxide, 120.0
A computation of the results of a chemical analysis of
twenty prominent garden crops shows the average relative
proportion of the three above-stated ingredients of plant
food : —
Per Cent.
Nitrogen, ........... 2.2
Potassium oxide, 2.0
Phosphoric acid, 1.0
One thousand pounds of green garden vegetables contain
on the above-stated basis of relative proportion of essential
const ituents of plant food :—
Nitrogen,
Potassium oxide,
Phosphoric acid,
Pounds.
4.1
3.9
1.9
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The weights and particular stage of growth of the vegeta-
bles when harvested control, under otherwise corresponding
conditions, the actual consumption of each of these articles
of plant food. Our information regarding these points is
still too fragmentary to enable a more detailed statement
here beyond relative proportions. It must suffice for the
present to call attention to the fact that a liberal manuring
within reasonable Limits pays, as a rule, better than a scanty
one, especially in the case of those crops which reach in a
short period the desired state of maturity.
The various mixtures of fertilizers used in the experi-
ments under discussion provided by actual supply for one-
half of the available nitrogen actually called for to meet
the demand as above pointed out. A liberal cultivation of
peas and beans cannot tail to benefit the nitrogen resources
of the soil. The order of arrangement of the different crops
within each plat was the same in all of them for the same
year.
They occupied, however, a different position relative to
each other in successive years, to introduce, as far as
practicable, a system of rotation of crops. (For details
see previous annual report.)
Statement of Crops raised since 1891.
1891 and 1892. 1894. 1895 and 1896.
Celery. Onions. Onions. Onions.
Lettuce. Lettuce. Sweet corn. Sweet corn.
Spinach. Spinach.
Beets. Beans. Beans. Beans.
Cabbage.
Tomatoes. Tomatoes. Tomatoes. Tomatoes.
Potatoes. Potatoes.
Season of 1896. — The field was ploughed April 20.
The fertilizers were the same as in the preceding years
;
each of the six plats received the same amount and kind of
fertilizer, which was harrowed in April 24.
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The crops raised during the season of 1896 were :—
( hiions ( Danvers Globe).
Tomatoes ( Dwarf Champion).
Bean.- | Dwarf Horticultural).
Sweet Corn (Early Crosby).
Onions.
The -red was -own April 2*. Each plat contained fifteen
IOWI U inchei apart: the weeds were kept down by fre-
quent DM of the hand cultivator: the crop was weeded by
haml twit-c: the crop was rolled September 7. Those plats
(4, ."). 6) which received their potash supply in form of
high-grade sulphate of potash matured first, while those
plats (1, 2, 3) receiving muriate of potash matured some-
what later. The crop upon Plat 1 w as the latest to mature,
while that upon Plat 2, receiving nitrate of soda, was the
most advanced plat in the field. The onions were pulled
September 7, topped October 5 and weighed Octol>er y.
Yifld
<>f Onions (Pounds).
PLATS. IjirfK Onions. Small Onions. Total Yield.
Hat 1, 490 29 100 628
IMat I, 697 24 30 751
Plat 1, 659 49 60 768
Plat 4, 489 26 55 570
IMat 5. 494 21 30 545
Plat s, 54 50 699
To 1 1to fOPS.
It was deemed best in this experiment to procure an
earlier metaling variety than the one used in the preceding
year, to inert our market demands. The plants were started
at the plant house of the horticultural department. The
plants were set May 21 o to 4 feet apart, two rows in each
plat: each plat contained 44 plants; they were cultivated
five times and hand-hoed three times.
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Field C. Yield of Tomatoes (Pounds).
DATE OF PICKING. Plat 1. Plat 2. Plat 3. Plat 4. Plat 5. Plat 6.
July 18, .40 .14
July 22 .40 .12 .12
July 25, 1.10 .30 1.11 .30 .13 .12
July 28 2.12 1.00 2.80 2.60 2.10 6.40
July 30 3.20 2.10 2.80 1.14 4.00 3.40
August 1, 4.00 6.00 3.40 5.00 8.00 4.00
August 3, 8.40 6.80 8.80 7.00 5.80 7.00
August 5, 8.12 8.40 9.00 7.60 10.40 9.40
August 8 10.12 15.00 15.00 13.80 17.00 18.00
August 10 17.40 13.80 11.00 14.00 12.12 19.40
August 12, 7.40 8.80 5.00 12.00 13.40 9.40
August 15 13.80 25.00 21.40 34.00 32.12 25.12
August 17, 17.00 44.80 21.12 45.00 49.40 36.12
August 19, . 9.00 16.80 22.40 17.00 22.12 17.12
August 21, » . . . 6.12 14.80 18.40 7.80 15.40 8.40
August 24, .... 12.80 31 .00 18.80 21.80 39.40 30.40
August 26, .... 13.12 33.80 17.00 20.00 35.80 26.80
August 29, . 36.00 ' 32.00 33.40 27.12
September 1,
*
50.80
*
49.12 68.40 53.00
September 4,
<U
55.80 6
m
61.00 63.40 77.00
September 7, j> .£P
< 4)
48.80
M
- i? 44.00 54.00 C3.00
September 11, 37.00
is
46.80 47.40 51.12
September 16,
O
34.00
o
* 55.00 35.00 42.00
September 21, 7.00 J 10.00 9.80 12.00
Green tomatoes, . 28.00 10.80 40.00 24.00 9.00 14.00
* Records not complete.
Beans.
The beans were planted in rows feet apart, there being
seven rows in each plat. The seed was planted May 19, the
young plants appeared above ground June 1
;
they were
cultivated five times and hand-hoed three times ; the beans
on all plats alike rusted badly. The beans were pulled and
stacked in the field August 19.
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Yield of Beans (Pounds).
Keans.
Vines.
Total Weight.
Plat 1,
Plat %
Plat ::.
Plat 4,
Plat..,
Flat 6,
31
~>3
52
58
67
48
30
44
44
45
51
42
Sweet Corn.
Each plat contained five rows, the latter being 3 feet 3
inches apart ; the bills were 20 inches apart, there being
three plants left in each hill, making 1,060 hills per plat.
The crop appeared above ground Jane 1. It was subse-
quently cultivated five times and hand-hoed three times. In
Older to hasten maturity the stalks wTere topped September 9.
The corn was harvested and weighed October 9 with the
following results : —
Sweet Oom [Early Crosby). Yield in Pounds per Plat.
I'LATS. Ears. Stover. Total Weight.
Plat 1 190.0 250 445.0
Plat 2 240.0 280 520.0
Hat 9 335 530.0
Plat 4 190.0 310 500.0
Plat ft 182.5 290 472.5
Hat C, 190.0 302 492.0
Conclusions drown from Four Years of Observation.
1. Sulphate of potash in connection with nitrate of soda
(Plat 5) has given in every case but one (onions) the best
results.
2. Nitrate of soda as nitrogen source (plats 2 and 5) has
yielded in almost every case, without reference to form of
potash, the hot results.
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3. Sulphate of ammonia as a nitrogen source, in connec-
tion with muriate of potash as source of potash ( I'lat I), has
given as a rule the least satisfactory returns. This fact is
evidently due to a change of chloride of potash and sulphate
of ammonia into sulphate of potash and chloride of ammo-
nium, the latter being an unfavorable form of nitrogen plant
food.
4. The influence of the difference in the general character
of the weather, whether normal or dry, during succeeding
seasons on the yield of the crops has been greater than that
of the different fertilizers used upon different plats during
the same season.
Note.— The general management of the field work con-
nected with the previously described continuation of my
experiments was attended to by Mr. H. M. Thomson, Assist-
ant Agriculturist of the Hatch Experiment Station, to whom
I take pleasure in expressing my thanks for his cheerful
assistance.
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PapwT II.
REPORT OX THE WORK IN THE CHEMICAL
LABORATORY.
Charles A. Goessmann.
I, On Official Inspection of Commercial Fertilizers
AM) A(JRICrLTFKAL ClIEMICALS IN 1896.
During t lie past year fifty-seven manufacturers and dealers
in commercial fertilizers and agricultural chemicals have ap-
plied for and secured licenses for the sale of their goods in
the State. Thirty-three of these parties have offices for gen-
eral distribution within our State, nine in the State of New
York, six in Connecticut, three in Vermont, three in Rhode
[gland, two in Pennsylvania and one in Illinois.
The number of distinct brands licensed, including agricult-
ural chemicals, amounted to two hundred and sixty-five.
The sampling and collecting of the material for official
analyses were in charge of Mr. H. D. Haskins, a graduate of
the Massachusetts Agricultural College of the year 1890, and
an efficienl assistant in the chemical laboratory of the division
ofchemistry of the Experiment Station, who for several years
in the past has attended to that part of the inspection in a
very satisfactory manner.
Three hundred and twenty-eight samples were collected
during the year, of which three hundred, representing two
hundred and tilt ecu distinct brands, have been analyzed, and
the results published in three bulletins, March, July and
October, Numbers 38, 40 and 42 of the Hatch Experiment
Station of the Massachusetts Agricultural College.
The modes of analyses adopted in this work were in all
essential points those recommended by the Association of
Official Chemists.
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The results of the inspection have been on the whole quite
satisfactory, as far as the compliance of the dealers with the
provisions of our State laws for the regulation of the trade
in commercial fertilizers is concerned. The variations here
and there noticed between the guaranteed composition of the
dealer and the results of our analyses could be traced with
but few exceptions to imperfect mixing of the several ingre-
dients of the fertilizer, and did not, as a rule, materially
affect the commercial value of the article. In this connec-
tion attention should be called to the fact that the lowest
amount stated in the guarantee is only legally binding.
To convey a more direct idea of the actual condition of
this feature in the trade of commercial fertilizers of 1896,
the following detailed statement is here inserted : —
(a) Where three essential elements of plant food were
guaranteed : —
Number with three elements equal to or above the highest guar-
antee, 3
Number with two elements above the highest guarantee,
. . 18
Number with one element above the highest guarantee,
.
. .65
Number with three elements between the lowest and highest guar-
antees, 26
Number with two elements between the lowest and highest o-uar-
antees, 60
Number with one element between the lowest and highest guar-
antees, 42
Number with two elements below the lowest guarantee, ... 8
Number with one element below the lowest guarantee,
. . .59
(b) Where two essential elements of plant food were
guaranteed :—
Number with two elements above the highest guarantee,
Number with one element above the highest guarantee, . . .16
Number with two elements between the lowest and highest eriar-
antees, 13
Number with one element between the lowest and highest guar-
antees, 10
Number with one element below the lowest guarantee, . . .10
(c) Where one essential element of plant food was guar-
anteed : —
Number above the highest guarantee 4
Number between the lowest and highest guarantees, . . .21
Number below the lowest guarantee, 11
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The consumption of commercial fertilizers is steadily in-
creasing, a circumstance apparently not less due to a more
general recognition of their good services, if judiciously se-
lected and applied, than to gradual improvements in regard
to their mechanical condition as well as their general chem-
ical character. A noticeable change, referred to already in
a previous report, regarding the chemical composition of
many brands of so-called complete or formula fertilizers of
to-day, as compared with those ottered for similar purposes
at an earlier period in the history of the trade in commer-
cial fertilizers, consists in a more general and more liberal
use of potash compounds as a prominent constituent. This
change has been slow but decided, and in a large degree may
be ascribed to the daily increasing evidence, resting on actual
observations in the field and garden, that the farm lands of
Massachusetts are quite frequently especially deficient in pot-
ash compounds, and consequently need in many instances a
more liberal supply of available potash from outside sources
to give satisfactory returns. Whenever the cultivation of
garden vegetables, fruits and forage crops constitutes the
principal products of the land, this recent change in the
mode of manuring deserves in particular a serious trial;
for the crops raised consume exceptionally large quantities
of potash, as compared with grain crops. In view of these
facts, it will be conceded that a system of manuring farm
and garden which tends to meet more satisfactory recognized
conditions of large areas of land, as well as the special wants
of important growing branches of agricultural industries, is
a movement in the right direction.
The present condition of the trade in commercial fertilizers
offers exceptional advantages to provide efficient manures for
the raising of farm and garden crops of every description
congenial to soil and climate. The various essential articles
of plant food, as potash, phosphoric acid and nitrogen com-
pounds, are freely o tiered for sale in forms suitable to render
the different kinds of the home manurial refuse material of
the farm in a higher degree tit to meet the special wants
of the crops to be raised.
Mixed fertilizers, designed to supply the essential articles
of plant food with reference to the needs of special crops,
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and containing them in every conceivable proportion, are
asking for the patronage of all parties interested in the
raising of plants.
A judicious management of the trade in commercial fertil-
izers implies a due recognition of well-established experi-
mental results regarding the requirements of a remunerative
production of farm and garden crops
;
yet, as the manu-
facturer at best can only prepare the composition of his
special fertilizers on general lines, not knowing the particular
condition and character of the soil which ultimately receives
thorn, it becomes of the utmost importance on the part of the
farmer to make himself acquainted with his special wants of
manurial substances, and to thus qualify himself for a more
judicious selection from the various fertilizers offered for his
patronage.
For the reason that the physical conditions and chemical
resources of soils on available plant food are frequently
differing widely even on the same farm, no definite rule can
be given for manuring farm lands, beyond the advice to
return to the soil those plant constituents which the crops
raised during preceding years have abstracted in an excep-
tionally large proportion, and which at the same time will
be especially called for by the crops to be raised.
To select judiciously from among the agricultural chem-
icals and mixed fertilizers offered for sale for home use
requires, in the main, three kinds of information : —
First.—A knowledge of the condition and the character
of the soil to be prepared for cultivation.
Second. — An acquaintance with the composition of the
crops, as far as the essential elements of plant food they
contain are concerned.
Third. — A fair information regarding the general char-
acter, as well as the special composition, of the manurial
substances offered for sale are concerned.
To assist as far as practicable in obtaining the above-stated
desirable information, a compilation of the composition of
our most prominent farm and garden crops, as well as the
manurial substances and agricultural chemicals found in our
markets, has been published from time to time in our annual
reports, and will be found at the close of the present one.
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List nf Manufacturers and Dealers who have secured Certificates for
tl,, .suit- at Commercial Fertilizers in This State during the Past
Y>ar (May 2, 1896, to May 2, 1S97), and the Brands licensed
by Each.
The Annuur Fertilizer Works, Chicago, 111. :—
Hone Meal.
Bone rod Blood.
Ammonified Bone and Potash.
All Soluble.
Bone, Blood and Potash.
( )ld Bog Cranberry Manure.
Aineriean Fertilizer Company, Boston, Mass. :—
Anti Acid Phosphate.
Alkaline Nitrate Phosphate for Hoed Crops.
Alkaline Nitrate Phosphate for Hay and Grain Crops.
Ward's Inodorous Plant Food.
Muriate of Potash.
Win. II. Abbott, Bolyoke, Mass.:—
Abbott's Fertilizer.
Abbott's Eagle Brand Fertilizer.
Barllett A Holmes, Springfield, Mass.:—
Pure (I round Bone.
Animal Fertilizer.
II .1. Baker and Brother, New York, N. Y. :—
Standard I'nX Ld Fertilizer.
Complete Strawberry Manure.
Complete Onion Manure.
Complete Potato Manure.
Complete Corn Manure.
A A Ammoniated Superphosphate.
Complete Tobaeco Manure,
(irass and Lawn Dressing.
Vegetable, Vine and Potato Special.
Ground Bone.
C. A. Bartlett, Worcester, Mass.:—
Pure (i round Bone.
Animal Fertilizer.
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The Berkshire Mills, Bridgeport, Conn. :—
Ammoniated Bone Phosphate.
Complete Fertilizer.
Bowker Fertilizer Company, Boston, Mass. :—
Stockbridge Special Manures.
Bowker's Hill and Drill Phosphate.
Bowker's Farm and Garden Phosphate.
Bowker's Lawn and Garden Dressing.
Bowker's Fish and Potash.
Bowker's Potato and Vegetable Manure.
Bowker's Market-garden Manure.
Bowker's Sure Crop Bone Phosphate.
Gloucester Fish and Pota>h.
Bowker's Dry Ground Fish.
Bowker's Fresh Ground Bone.
Nitrate of Soda.
Dried Blood.
Dissolved Bone-black.
Muriate of Potash.
Sulphate of Potash.
Sulphate of Ammonia.
Bradley Fertilizer Company, Boston. Mass. :—
Bradley's X L Superphosphate.
Bradley's Potato Manure.
Bradley's B D Sea Fowl Guano.
Bradley's Complete Manures.
Bradley's Fish and Potash.
Bradley's High-grade Tobacco Manure.
English Lawn Fertilizer.
Farmers' New Method Fertilizer.
Brack's Lawn and Garden Dressing.
Sulphate of Potash.
Muriate of Potash.
Nitrate of Soda.
Sulphate of Ammonia.
Dissolved Bone-black.
Fine-ground Bone.
William F. Brightman, Tiverton, R. I.:—
Brightman's Potato and Root Manure.
Brightman's Phosphate.
Brightman's Fish and Potash.
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B. L. Bragg & Co., Springfield, Mass. : —
Hampden Lawn Dressing.
Batchers' Beodering Association, Saugua, Mass.:—
( i round Bone.
Champion Garden Fertilizer.
Daniel T. Chorch, ftovidenoe, B. I.: —
( lunch's B Special Fertilizer.
Church's C Standard Fertilizer.
Church's I) Fish and Potash.
Clark's Cove Fertilizer Company, Boston, Mass.:—
Bay State Fertilizer.
Kay State Fe rtilizer, (1 (i Brand.
( Ireat Plant Manure.
Potato and Tobacco Manure.
King Philip Guano.
Potato Manure.
Fish and Potash.
White Oak Pure Ground Bone*
Muriate of Potash.
Sulphate Of Potash.
Nitrate of Soda.
The Cleveland Dryer Company, Boston, Mass.:—
( Sleveland Superphosphate,
Cleveland Potato Phosphate.
( Sleveland Fertilizer.
K. Prank Cbe Company, New York, N. Y. : —
E, Frank Coe*s Excelsior Potato Fertilizer.
K. Frank Coe's High-grade Potato Fertilizer.
K. Frank Coe's Special Fertilizer.
K. Frank Coe's High-grade Ammoniated Bone Super-
phosphate.
F. Frank Coe's Fish Guano and Potash.
B. Frank Coe's Bay State Ammoniated Bone Super-
phosphate.
E. Prank Coe's Bay State High-grade Potato Fertilizer.
Crocker Fertilizer and Chemical Company, Buffalo, N. Y. :
—
Crocker's (irneral Crop Phosphate.
*
Croeker's New England Tobacco Grower.
1897.
j
PUBLIC DOCUMENT—No 33.
Crocker Fertilizer and Chemical Company, Buffalo, N. V
Concluded.
Muriate of Potash.
Coolidge Brothers' Special Truck Fertilizer.
Crocker's Ammoniated Bone Superphosphate.
Crocker's Potato, Hop and Tobacco Phosphate.
Crocker's Special Potato Manure.
Crocker's Pure Ground Bone.
Crocker's Practical Ammoniated Superphosphate.
Crocker's New Rival Ammoniated Superphosphate.
Crocker's Ammoniated Wheat and Corn Phosphate.
Crocker's Ground Bone Meal.
Crocker's Vegetable Bone Superphosphate.
Cumberland Bone Phosphate Company, Boston, Mass. :
Cumberland Superphosphate
.
Cumberland Potato Fertilizer.
Cumberland Concentrated Phosphate.
Cumberland Fertilizer.
L. B. Darling Fertilizer Company, Pawtucket, R. I. : —
Animal Fertilizer.
Extra Bone Phosphate.
Potato and Root Fertilizer.
Lawn and Garden Fertilizer.
Tobacco Grower.
Pure Fine Bone.
Pure Dissolved Bone.
Sulphate of Potash.
John C. Dow & Co., Boston, Mass. :—
Superphosphate.
Pure Bone.
Bone Fertilizer.
Fyfe, Fay & Plummer, Clinton, Mass. :—
Canada Wood Ashes.
Great Eastern Fertilizer Company, Rutland, Vt. : —
-
Great Eastern General Fertilizer.
Northern Corn Special.
Soluble Bone and Potash.
Vegetable, Vine and Tobacco Fertilizer.
Garden Special Fertilizer.
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Thomas Ilersom & Co., New Bedford, Mass. :—
Hone Meal.
John G. Jefferds, Worcester, Mass. :—
Jefferds' Fine Ground Bone.
Jefferds' Potato Manure.
Jefferds' Animal Fertilizer.
Thomas Kirley, South Hadley Falls, Mass.:—
Kirley's Pride of the Valley.
A. Lee & Co., Lawrence, Mass. :—
The Lawrence Fertilizer.
Lowell Fertilizer Company, Lowell, Mass.:—
Lowell Bone Fertilizer.
Ix)well Animal Fertilizer.
Lowell Potato Phosphate.
Lowell Vegetable and Vine Fertilizer.
Lowell Lawn Dressing.
Dissolved Bone and Potash.
Complete Manure for Potatoes and Vegetables.
Lowe Brothers & Co., Fitchburg, Mass. :—
Tankage.
The Ifapes Formula and Peruvian Guano Company, New
York, N. Y. :—
The Mapes Superphosphates.
The Mapes Bone Manures.
The Mapes Special Crop Manures.
Sulphate of Potash.
Double Manure Salts.
Nitrate of Soda.
Economical Manure.
Lawn Top-dressing with Plaster.
E. MeGarvey & Co., successors to Forest City Wood Ash
Company, Boston, Mass. :—
Unleached Wood Ashes.
BfoQotde Brothers, West Auburn, Mass.:—
Pure Ground Bone.
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Monroe, Lalor & Co., Oswego, N. Y. :—
Unleached Wood Ashes.
National Fertilizer Company, Bridgeport, Conn. :—
Chittenden's Complete Fertilizers.
Chittenden's Amnion iated Bone.
Chittenden's Market-garden Fertilizer.
Chittenden's Fish and Potash.
Chittenden's Ground Bone.
Chittenden's Potato Phosphate.
Niagara Fertilizer Company, Buffalo, N. Y. :—
Niagara Wheat and Corn Producer.
Niagara Triumph.
Niagara Grain and Grass Fertilizer.
Niagara Potato, Tobacco and Hop Fertilizer.
Packers' Union Fertilizer Company, New York, N. Y. :—
-
Animal Corn Fertilizer.
University Fertilizer.
Oats and Clover Fertilizer.
Potato Manure.
Gardeners' Complete Manure.
Pacific Guano Company, Boston, Mass. :—
Soluble Pacific Guano.
Special Potato Manure.
Nobsque Guano.
Special for Potatoes and Tobacco.
Fish and Potash.
High-grade General Fertilizer.
Parmenter & Polsey Fertilizer Company, Peabody, Mass. :—
Plymouth Rock Brand.
Special Potato Fertilizer.
Special Strawberry Manure.
Star Brand Fertilizer.
Lawn Dressing.
Ground Bone.
Nitrate of Soda.
Muriate of Potash.
E. W. Perkins & Co., Rutland, Vt. :—
Plantene.
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Prentiss, Brooks & Co., Holyoke, Mass. :
—
Complete Manures.
Phosphate.
Nitrate of Soda.
Dissolved Bone-black.
Muriate of Potash.
Sulphate of Potash.
Fi>h sad Potash.
Dry Ground Fish.
nortoB Fertiliser Company, Green Point, L. I.
:•
Pioneer Fertilizer.
Ainmouiated Superphosphate.
Potato Fertilizer.
Quinnipiae Company, Boston, Mass. :—
Potato Manure.
Market-irarden Manure.
Aininoniated Dissolved Bones.
Fish and Potash (Crossed Fishes).
Fish and Potash (Plain Brand).
Havana Tobacco Fertilizer.
Gra» Fertilizer.
Com Manure.
Potato and Tobacco Fertilizer.
Onion Manure.
Pure Bone Meal.
Dry Ground Fish,
leakage.
Muriate of Potash.
Sulphate of Potash.
Nitrate of Soda.
Sulphate of Ammonia.
Dissolved Bone-black.
Phosphate.
Head Fertilizer Company, New York, N. Y. :—
Bead's Standard.
High-irradc Fanners' Friend.
Fi>h ami Potash.
Vegetable and Vine Fertilizer.
Bract ical Potato Special Fertilizer.
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N. Roy & Son, South Attleborough, Muss. :—
Complete Animal Fertilizer.
The Rogers & Hubbard Company, Middletown, Conn. :—
Pure Raw Knuckle Bone Flour.
Strictly Purr Fine Bone.
Soluble Potato Manure.
Soluble Tobacco Manure.
Fertilizer for Oats and Top-dressing.
Kaii-child's Formula for Corn and General Crops.
Grass and Grain Fertilizer.
Russia Cement Company, Gloucester, Mass. :—
XXX Fish and Potash.
High-grade Superphosphate.
Special Manure for Potatoes, Roots and Vegetables.
Special Manure for Corn, Grain and Grass.
Odorless Lawn Dressing.
Dry Ground Fish.
Lucie n Sanderson, New Haven, Conn. :—
Dissolved Bone-black.
Muriate of Potash.
Sulphate of Potash.
Nitrate of Soda.
Blood, Meat and Bone.
Formula A.
M. L. Shoemaker & Co., Limited, Philadelphia, Penn. :-
Swift and Sure Phosphate.
Swift and Sure Bone Meal.
Edward H. Smith, Northborough, Mass. :—
Fine-ground Bone.
Standard Fertilizer Company, Boston, Mass.:—
Standard Fertilizer.
Potato and Tobacco Fertilizer.
Standard Guano.
Fine-ground Bone.
Complete Manure.
Thomas L. Stetson, Randolph, Mass.:—
Fine-ground Bone.
F. C. Sturtevant, Hartford, Conn. : —
( S round Tobacco Stems.
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Henry ?• Tacker ft Co., Boston,
Mass.
:
—
Original Buy State Bone Superphosphate.
Imperial Bone Superphosphate,
gpecbl Potato Fertiliser.
Walker, Stratman ft Co., Pittsburg,
Penu.:—
Potato Special.
Four Fold.
Smoky City.
Meadow King*
I s. WTiittemore, Wayland, Mass.:
—
Whittnnoiv's Complete Manure.
Tin- WUCOX Fertilizer Works, Mystic, Conn.:
—
Potato, Onion and Tobacco Manure.
AmmoniaU'd Bone Phosphate.
ffigb-grad6 Fish and Potash.
Drv Ground Fish Guano.
Fish and Potash, 1896 Brand.
Low-grade Sulphate of Potash.
Williams v\: Clark Fertilizer Company, Boston, Mass. :—
Superphosphate.
Potato Phosphate.
High-grade Special.
Fine Wrapper Tobacco Fertilizer.
Royal Bone Phosphate.
Corn Phosphate.
Potato and Tobacco Manure.
Grass Manure.
Fi>li and Potash.
Universal Ammoniated Dissolved Bone.
Prolific Crop Producer.
( )nion Manure.
Puif Bone Meal.
Dry < i round Fish.
Tankage.
Muriate of Potash.
Sulphate of Potash.
Nitrate of Soda.
1 )issol ved Bone-black.
Sulphate of Ammonia.
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M. E. Wheeler & Co., Rutland, Vt. :—
High-grade Fruit Fertilizer.
Grass and Oats Fertilizer.
Electrical Dissolved Bone.
Potato Manure.
High-grade Corn Fertilizer.
Superior Truck Fertilizer.
2. New Laws for the Regulation of the Trade in
Commercial Fertilizers in Massachusetts.
[Acts of 1896, Chapter 297.]
An Act to regulate the Sale of Commercial P*krttt,tzkb8.
Be it enactedf, etc., asfollows
:
Section 1 . Every lot or parcel of commercial fertilizer or fer-
tilizer material sold or offered or exposed for sale within this
Commonwealth shall be accompanied by a plainly printed state-
ment, clearly and truly certifying the number of net pounds of
fertilizer in the package, the name, brand or trade-mark under
which the fertilizer is sold, the name and address of the manu-
facturer or importer, the location of the factory, and a chemical
analysis stating the percentage of nitrogen, of potash soluble in
distilled water, and of phosphoric acid in available form soluble
in distilled water and reverted, as well as the total phosphoric
acid. In the case of those fertilizers which consist of other and
cheaper materials said label shall give a correct general statement
of the composition and ingredients of the fertilizer it accompanies.
Sect. 2. Before any commercial fertilizer is sold or offered or
exposed for sale the importer, manufacturer or party who causes
it to be sold or offered for sale within this Commonwealth shall
file with the director of the Hatch experiment station of the Mas-
sachusetts Agricultural College a certified copy of the statement
named in section one of this act, and shall also deposit with said
director at his request, a sealed glass jar or bottle, containing not
less than one pound of the fertilizer, accompanied by an affidavit
that it is a fair average sample thereof.
Sect. 3. The manufacturer, importer, agent or seller of any
brand of commercial fertilizer or fertilizer material shall pa\- for
each brand, on or before the first day of May annually, to the
director of the experiment station, an analysis fee of five dollars
for each of the three following fertilizing ingredients : namely,
nitrogen, phosphorus and potassium, contained or claimed to exist
in said brand of fertilizer : provided^ that whenever the rnanufact-
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oreror importer shall have paid the fee herein required for any
j„ t-mii :i«-tinir as agent or seller for such manufacturer or importer,
mi. h agent or seller shall not be required to pa)* the fee named
in this >ecti<>n : and on receipt of said analysis fees and state-
in, -lit specified in section two the director of said station shall
_ „. ,-crtiticates of compliance with this act.
m< i. 4. No person shall sell or offer or expose for sale in
thfa Commonwealth any pulverized leather, hair or wool waste,
raw, steamed, roasted or in any form as a fertilizer, or as an in-
gredient of way fertilizer or manure, without an explicit printed
certificate of the fact, said certificate to be conspicuously affixed
to every package of such fertilizer or manure, and to accompany
or ::«» with every parcel or lot of the same.
Sr. r. .*». Any person selling or offering or exposing for sale
any commercial fertilizer without the statement required by the
first notion of this act, or with a label stating that said fertilizer
contains a larger percentage of any one or more of the constitu-
ent^ mentioned in said section than is contained therein, or re-
specting the sale of which all the provisions of the foregoing
notion have not been fully complied with, shall forfeit fifty dol-
lar* for the drat offence and one hundred dollars for each subse-
quent offence.
Skit. 6. This act shall not affect parties manufacturing, im-
porting or purchasing fertilizers for their own use and not to sell
in thi> Commonwealth.
SbCT. 7. The director of the experiment station shall pay the
analysis fees, as soon as received by him, into the treasury of the
station, and shall cause one analysis or more of each fertilizer or
fertiliser material to be made annually, and shall publish the re-
sults from time to time, with such additional information as the
circumstances render advisable, provided such information relates
only to the composition of the fertilizer or fertilizer material in-
spected. Said director is hereby authorized in person or by
deputy to take a sample, not exceeding two pounds in weight, for
analysis, from any lot or package of fertilizer or fertilizer material
which may be in the possession of any manufacturer, importer,
agent or dialer; but said sample shall be drawn in the presence
of said party or parties in interest, or their representative, and
taken from a parcel or a number of packages which shall be not
less than ten per cent, of the whole lot inspected, and shall be
thoroughly mixed and then divided into two equal samples and
placed in glan vessels, and carefully sealed and a label placed
on each, stating toe name or brand of the fertilizer or material
Mmpledf the name of the party from whose stock the sample was
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drawn, and the time and place of drawing ; and said label shall
also be signed by the director or his deputy and by the party or
parties in interest, or their representatives present at the drawing
and sealing of said sample ; one of said duplicate samples shall
be retained by the director and the other by the party whose stock
was sampled. All parties violating this act shall be prosecuted
by the director of said station.
Sect. 8. Chapter two hundred and ninety-six of the acts of
the year eighteen hundred and eighty-eight is hereby repealed.
Sect. 9. This act shall take effect on the first day of Novem-
ber in the year eighteen hundred and ninety-six. [Approved
April 17, 1896.']
3. General Work in the Chemical Laboratory.
Analyses of materials sent on for examination.
Notes on basic phosphatic slag (" slag meal ") as a fertilizer.
Action of chloride of potassium (muriate of potash) and chloride
of sodium (common salt) on the lime resources of the soil.
Effect of chloride of potassium on sulphate of ammonium in
mixed fertilizers.
Analyses of Materials sent on for Examination.
The constantly increasing variety of waste products of
many branches of industry within our State and elsewhere,
which have proved of manurial value, has received for years
a serious attention. As a change in the current modes of
manufacture of the parent industry is at any time liable to
seriously affect the character and chemical composition of the
waste or by products, it becomes necessary to repeat from
time to time analyses of many of these products. These
analyses are made, as far as our resources allow, without any
charge for the work, on the condition that the results are
public property if deemed of interest for publication.
A brief enumeration of the more prominent substances sent
on for our investigation during the year 1896 may serve to
convey a correct idea concerning the extent and importance
of the labor involved. The whole number of substances an-
alyzed in this connection during the year 1896 to December
1 amounts to 175: wood ashes, 51; cotton-seed-hull ashes,
7 ; swill ashes from cremation furnace, 1 ; rock phosphate, 4 ;
acid phosphate, 4; phosphatic slag, 2: ground bones, tank-
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age, dried Hsh and blood, 18 ; cotton-seed and linseed meal,
19; barn-yard manure, solid and liquid, 11; cotton waste
from factories, 6; potash salts of various descriptions, 18;
dry Bordeaux mixtures, 10: Paris green, 8; miscellaneous
analyses, 10; and compound fertilizers, 21.
The responsibility of the genuineness of all samples sent
on for examination rests with the parties asking for analyses
;
the name of the localities they come from appears only in our
published records of the work to prevent misunderstandings.
The samples of fertilizers collected by responsible parties
under the direction of the officer of this department alone
arc entered on our list of official analyses.
J>7>ies on Basic Phosphate Stag (''Slag Meal") as a
Fertilizer.
This article appeared for the tirst time in our markets in
1H<S(; under the name of phosphatic meal made of the Peine-
Thomas Scoria, a by-product of a new process introduced
into the manufacture of iron and steel from phosphorus con-
taining iron ores.
The first sample received by me at Amherst was marked
kt K. Wciehsel A Co., Magdeburg, Germany; phosphate
meal made of the Peine-Thomas Scoria, guaranteed by Dr.
I'lex of Hamburg, Germany, to contain 21.41 per cent, of
phosphoric acid, corresponding to 4(3.74 per cent, of bone
phosphate: Paul Weidinger & Co., New York, acting as
agents."
The tirst lot sent on for Held experiments consisted of 500
pounds of ground slag meal, also a mixture of 500 pounds of
Blag meal with 500 pounds of kainite ; to the latter had been
added some dry ground peat, to prevent caking. Pure slag
meal, it is claimed, never hardens after being ground.
As the process of dephosphorizing the iron requires that
the slag should be alkaline from the l>eginning, an excess of
lime enters into the composition of the slag. To the pres-
enee of a certain amount of burned lime the phosphate meal
owes, evidently, some of irs good effects as a phosphoric acid
source for plant food: incorporated in the soil, it absorbs
moistare, and. like burned lime, it breaks up into an impal-
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pable powder, which cannot fail to increase the availability
of its phosphoric acid in a marked degree, as compared with
other non-acidulated ground phosphates.
Not less beneficial must be considered in many instances
the alkaline reaction of the genuine material, for it secures
favorable conditions not only for a rapid decomposition
(" nitrification ") of the organic matter of the soil, but also
for the disintegration of valuable mineral constituents of the
soil, rendering in both directions inherent plant food more
available. Much attention has been paid in Germany and
England to experiments with slag meal as a phosphoric acid
source of plant food, and many satisfactory results are re-
ported. Our own observations are, to say the least, very
encouraging, as may be seen from several annual reports
since 1887.
Mixtures of phosphatic slag with nitrate of soda and the
higher grades of potash salts have given in many instances
much satisfaction. To secure the full benefit of the action
of slag meal, it is desirable to scatter it broadcast late in the
fall or early in the spring, and to plough it under at once
from three to four inches ; nitrate of soda and potash salts
may be harrowed in later on, previous to seeding down.
The high price (from $20 to $25 per ton) of late charged
for phosphatic slag meal of a varying composition and gen-
eral character has discouraged its trial, as compared with the
ground phosphate of South Carolina and Florida. As the
high price has greatly interfered with a more general trial of
slag meal, it is of interest to learn that arrangements are
announced which will result in introducing large supplies of
it at a much lower cost than before. A German syndicate,
claiming to own the right of patent regarding the sale of
Thomas slag in Europe and the United States, has estab-
lished an office in Philadelphia, Penn., address Charles A.
Voight, P. O. box 2133, Station A. In a recent communi-
cation from him it is stated the article will be offered for sale
at from $8 to $9 per ton to farmers in the eastern States.
The material consists of a dark, fine powder ; it is sent out
in 200 pound bags, with a guarantee of 18 per cent, of phos-
phoric acid. The station has secured a quantity for trial
during the coming season.
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Analysis of Phosphatic Slag Meal.
[I. Analyses of above-stated sample, 1896; II. Average of four analyses of earlier
dates.]
Per Cent.
I. EL
Moisture, 1.45 1.45
Total phosphoric acid, 17.88 23.49
(
'alciuin oxide (lime), 43.74 48. G6
3.42
Ferric and alimiinic oxides, .... 25.25 10.12
Insoluble matter 9.93 9.40
* Not determined.
Action of Chloride of Potassium (Muriate of Potash) and
Chloride of Sodium (Common Salt) on the Lime Re-
source* of the Soil.
In a previous bulletin, No. 38, issued March, 1896, by
the Hatch Experiment Station, I called attention to an ob-
servation in connection with some field experiments, which
showed that in several instances where, under otherwise
corresponding circumstances, for several years muriate of
potash had been liberally used as a potash source for a vari-
ety of crops, instead of sulphate of potash, an unhealthy
appearance and lower yield of crop became from year to
year more apparent. To correct this feature, from 350 to
KM) pounds per acre of dry slacked lime were scattered
broadcast over the surface of the soil, and ploughed under
before manuring and seeding down the crop. The addition
of lime gave excellent satisfaction, for the new crop looked
healthy and vigorous, and the yield of the crop increased
again fully to the average amount of the field. An examina-
tion of the drainage waters confirmed the view taken in the
treatment of the Held; the chlorides of calcium and mao--
cesium were noticed to form prominent constituents of the
181)7.] PUBLIC DOCUMENT— No. 33. 221
solid residue left after its evaporation. The amount of lime
noticed in the drainage waters where muriate of potash had
been added as a potash source Avas in every instance larger
than where corresponding amounts of high-grade sulphate
of potash were applied.
In publishing the results of our observations the following
conclusions were offered for the consideration of farmers : —
(a) The claim of both muriate and sulphate of potaslt,
being economical and efficient forms to supply potash for
growing crops, is so well established that no further endorse-
ment is called for in this connection. Each form has its
special merits with reference to particular fitness in case of
different crops.
(b) The liberal use of muriate of potash as a fertilizer
constituent renders, in cases where the lime resources of the
soil under cultivation are limited, a periodical direct applica-
tion of lime compounds as a manurial matter advisable.
(c) Muriate of potash is a safer sourcefor manurialpur-
poses upon a deep soil with a free subsoil than upon a shallow
soil with a compact clayish subsoil, on account of a possible
accumulation of the highly objectionable chlorides of calcium
and magnesium (lime and magnesia) near the roots of the
plants; both are known to prevent a healthy development of
the root system.
Repeated observations in the field and in the laboratory
tend to confirm the above-stated conclusions ; chloride of so-
dium (common salt) behaves in the same way as the chloride
of potassium,— a fact which is readily proved by adding to
any kind of a soil which is free from the chlorides of cal-
cium some ground chalk and common salt, and after a week
or so collecting and analyzing the percolating water; the
presence of carbonic acid favors greatly the reaction ; no
good agricultural soil is free from carbonic acid or biearbon-
ates of lime and magnesium.
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fflfat of Chloride of Potassium {Muriate of Potash) on
Sulphate of Ammonium in Mixed Fertilizers.
In studying the influence of the following mixtures of fer-
tilizing materials, L e.,—
PLATS.
l'lat 1,
Pkfl 2,
Plat 3,
Plat 4,
nut 5,
rint «,
ADDual Supply of Manurial Substances.
Sulphate of ammonia,
Muriate of potash,
Dissolved bone-black,
,
Nitrate of soda, .
Muriate of potash,
Dissolved bone-black,
Dried blood,
Muriate of potash,
Dissolved bone-black,
Sulphate of ammonia,
Sulphate of potash,
Dissolved bone-black,
Nitrate of soda, .
Sulphate of potash,
Dissolved bone-black,
Dried blood,
Sulphate of potash,
Dissolved bone-black,
on the yield and character of a variety of garden crops, it was
noticed, with but one or two exceptions, that the fertilizers on
Plat I, consisting of dissolved bone-black, sulphate of ammo-
nium and muriate of potash, produced the lowest yield of crop
on trial ; while the fertilizers on Plat 4, composed of cor-
responding quantities of dissolved bone-black, sulphate of
ammonium and high-grade sulphate of potash, yielded, as a
rule, a fair average crop. (For details, see preceding annual
reports since 1<S<)2.)
As the season, character of the soil and mode of cultiva-
tion were practically the same in all cases, it seemed but nat-
ural to conclude that the fertilizers applied to Plat 1 suffered
an unfavorable change when incorporated in the soil. An
actual trial proved that a dry mixture of muriate of potash
and sulphate of ammonium dissolved in water changes into
sulphate of potash and chloride of ammonium (sal ammo-
niac)
; this form of nitrogen is known to act unfavorably on
growing plants.
Most of our agricultural chemicals are liable to suffer
chemical changes when used in mixed fertilizers; these
ohangea are frequently not less depending on a mutual reac-
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tion upon each other than on the general character and the
particular chemical composition of the soil which receives
them. The results of the chemical reactions between the
saline constituents of the fertilizers and of the soil are as apt
to benefit the crop as to injure it ; the above-described ol>-
servation furnishes an illustration of an injurious influence.
Sulphate of ammonium is evidently a safer source of nitrogen
for plant growth when used in connection with sulphate of
potash than when used with muriate of potash (^chloride of
potassium)
.

4. Compilation' of Analyses of Agricultural ( heli-
cals. Mam rial Substances, Ebxtits, Garpen
Crofs and Ixse* ticides.
Prepared by II. D. Hasklns. -Assistant Chemist,
Hatch Experiment Station.
1S6S to 1897.
This compilation does not include the analyses made of licensed fertilizers. They
are to be found in the reports of the State Inspector of Fertilizers from 1S73 to 1S96,
contained in the reports of the Secretary of the Massachusetts State Board of Agri-
culture for those years, and in the bulletins of the department of chemistry of the
Hatch Experiment Station of the Massachusetts Agricultural College since March.
1895.
As the basis of valuation changes from year to year, no valuation is stated in this
compilation.
C. A. GOESSMAXX.
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5, Compilation of Analyses of Fruits,
Garden Crops
and Insecticides.
COMPILE!) BY n. D. HASKLNS.
1 . — Analyses of fruits.
•_>. Analyst's of garden crops.
\\. — Relative proportions of phosphoric acid, potassium oxide
and nitrogen in fruits and garden crops.
4. — Analyses of insecticides.
A computation of the results of a chemical analysis of twenty
prominent garden crops shows the following average relative pro-
portion of the three essential ingredients of plant food :
—
Parts.
Nitrogen, 2 * 2
potassium oxide, i
Phosphorie acid, . 1.0
One thousand pounds of green garden vegetables contain, on
the a bow-Mated basis of relative proportion of essential con-
stituents of plant food : —
Pounds.
Nitrogen *•*
Potassium oxide, 3.9
Phosphorie aeid, 1 • •
the weight and particular stage of growth of the vegetables
when harvested control, under otherwise corresponding conditions,
tlu> actual con>umption of each of these articles of plant food.
Our information regarding these points is still too fragmentary to
enable a more detailed statement here beyond relative proportions.
It must sutlice for the present to call attention to the fact that a
Liberal manuring within reasonable limit pays, as a rule, better
than a scanty one. — (C. A. Goessmaxn.)
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1. Analyses of Fruits.
Fertilizing Constituents of Fntits.
[Average amounts in 1,000 parts of fresh or air-dry substance.]
Moisture.
Nitrogen. A
m
<
a
.
E •
9 N
So Sodium
Oxide.
a
o
a
3
.
"S «
Phosphoric
Acid.
Sulphuric
Acid. Chlorine,
j
RvicctcGct
'
996 1.8
.9 .1 .1 .3
V - I till UK I 1 U j • • 894 • 1 .0 .2 .1 .3
Rosacea :—
Applcflj • • • • • 831 .6 2.2 .8 .6 .1 .2 .3 .1
*.A.pplcS| • • • © • 799 1 .3 4.1 1 q .3 .3
*P©&cll6Sj • • • • 884 3.4 .1 .2 .5
Pears, 831 .6 3.3 1.8 .3 .3 .2 .5 .2 -
Strawberries 902 3.3
.7 .9 .5 - .5 .1 .1
Strawberries, .... 5.2 2.6 .2 .7 .4 1.0
Strawberry vines, 33.4 3.5 4.5 12.2 1.3 4.8
Cherries, 825 3.9 2.0 .1 .3 .6 # 2 .1
Plums, 838 2.9 1.7 .3 .2 .4 .1
Saxifragacece ; —
Currants, white, 5.9 3.1 .2 1.0 .3 1.1
Currants, red 871 4.1 1.9 .2 .8 .3 .9
Gooseberries, .... 903 3.3 1.3 .3 .4 .2 .7
Vitacece : —
Grapes, 830 1.7 8.8 5.0 .1 1.0 .4 1.4 .5 .1
Grape seed 110 19.0 22.7 6.9 .5 5.6 1.4 7.0 .8 .1
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2. Analyse* of Garden Crops.
Fertilizing Constituents of Garden Crops.
[Average mounts in 1,000 parts of fresh or air-dry substance ]
oE
3s
"o
Nitrogen.
<
Potassium Oxide.
Sodium
Oxide.
Cal
ciu
m
1
Oxide.
Magnesium'
Oxide.
1
Phosphoric,
Acid.
8ulphuric
1
Acid.
1
m
a
_o
3
o
Cheno/xKiiacttr : —
Mangolds, 880 1.8 9.1 4-8 1.5 .3 .4
.8 .3 .9
•Mangolds 873 1.9 12.2 3.8 1.3 .6 .4
.9 - -
Mangold leuveH, 90ft 3.0 14.6 4.5 2.8 1.6 1.4 1.0 .8 2.3
Sugar beet* 80a 1.6 7.1 3.8 .6 .4 .6
.9 .3 .3
•Sugar beets 869 2.2 10.4 4.8 .8 .6 .4 1.0 .1
Sugar-beet tops, 840 2.0 9.6 2.8 2.3 .9 1.1 1.2 .2 .3
Sugar-beet leaven, S97 3.0 15.3 4.0 2.0 3.1 1.7
.7 .8 1.3
Sugar-beet Heed, 146 45.3 11.1 4.2 10.2 7.3 7.5 2.0 1.9
•Red beetH,..... 877 2.4 11.3 4.4 .9 .5 .3
.9
Spinach 903 2.4 16.0 2.7 5.7 1.9 1.0 1.6 1.1 1 .0
•Spinach, 922 3.4 9.6 9.6 2.1 .6 .5
.5 _
Composites : —
8.1 3.7 .8 .5
.7 .3 .4
Head lettuce 943 2.2 10.3 3.9 .8 1.5 .6 1.0 .4 .8
970 1.2 _ 2.3 .2 .3 .1
.3 —
Human lettuce,.... 925 2.0 9.8 2.5 3.5 1.2 .4 1.1 .4 .4
811 10.1 2.4 .7 1.0 .4 3.9 .5 .2
•Artichoke, Jerusalem, 775 4.6 _ 4.8 " ~ 1.7 ~
ConrvlvuhtcM. : —
Sweet potato, .... 758 2.4 7.4 3.7 .3
.8 .4 .9
Cruri/rr.r : —
White turnips 920 1.8 6.4 2.9 .6
.8 .3
•White turnips 895 1.8 10.1 3.9 .8 .9 .3 1.0 1.0
White turnip leaves, S98 3.0 11.9 2.8 1.1 3.9 .5
.9 1.1 1.2
•Kuta-bagas S91 1.9 10.6 4.9 .9 .3 1.2
Savoy cabbage,.... 871 5.3 14.0 3.9 1.4 3.0 .5 2.1 1.2 1.1
White cabbage, 900 3.0 9.6
% 4.3 .S 1.2 .4 1.1 1.3 .5
•White cabbage, 9S4 2.3 3.4 .3 .2 .1
.2
Cabbage leaves, 890 2.4 15.6 5.8 1.5 2.8 .6 1.4 2.4 1.3
Cauliflower, .... 904 4.0 8.0 3.6 .5 .5 .3 1.6 1.0 .3
Horse radish 767 4.3 19.7 7.7 .4 2.0 .4 2.0 4.9 .3
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Fertilizing Constituents of Garden Crops— Continued.
[Average amounts in 1,000 parts of fresh or air-(hy substance.]
Moisture.
Nitrogen.
JB
m
Potassium Oxide.
Sodium
Oxide.
Calcium Oxide.
=
3
.1 V
<U "3
r, '*
_
Phosphoric
Acid.
Sulphuric
Acid. Chlorine.
Cmciferce.— Concluded.
Radishes, 933 1.9 4.9 1.6 1.0 .7 .2 4.5 .3 .5
Kohlrabi 850 4.8 12.3 4.3 .8 .4 .8 2.7 1.1 .6
Cucurbitacece : —
Cucumbers 956 1.6 5.8 2.4 .6 .4 .2 1.2 .4 .4
Pumpkins, 900 1.1 4.4 .9 .9 .3 .2 .7 .3 .4
GrcwiinecB .* —
Corn, whole plant, green, 829 1.9 10.4 3.7 .5 1.4 1.1 1.0 .3 .5
Corn, whole plant, green, 786 4.1 _ 3.8 .5 1.5 .9 1.5
Corn kernels 144 16.0 12.4 3.7 .1 .3 1.9 5.7 .1 .2
Corn kernels, .... 100 18.2 - 4.0 .3 .3 2.1 7.0
Corn, whole ears, 90 14.1 4.7 .6 .2 1.8 5.7 - -
*Corn stover, .... 282 11.2 37.4 13.2 7.9 5.2 2.6 3.0 - -
Leguminosce. :—
Hay of peas, cut green, • • 167 22.9 62.4 23.2 2.3 15.6 6.3 6.8 5.1 2.0
Cow-pea (Dolichos), green, . 788 2.9 3.1 .6 3.0 1.0 1.0
Small pea {Lathyrus sylves-
tris), dry.
Peas (seed)
90
143
38.5
35.8 23.4
25.7
10.1
4.7
.2
17.9
1.1
5.0
1.9
9.0
8.4 .8
-
.4
Pea straw, 160 10.4 43.1 9.9 1.8 15.9 3.5 3.5 2.7 2.3
Garden beans (seed), 150 39.0 27.4 12.1 .4 1.5 2.1 9.7 1.1 .3
Bean straw, .... 166 - 40.2 12.8 3.2 11.1 2.5 3.9 1.7 3.1
Liliacece. : —
Asparagus 933 3.2 5.0 1 .2 .9 .6 .2 .9 .3 .3
Onions, 860 2.7 7.4 2.5 .2 1.6 .3 1.3 .4 .2
Onions, 892 4.9 1.8 .1 .4 .2 .7
Solanacece :—
Potatoes, 750 3.4 9.5 5.8 .3 .3 .5 1.6 .6 .3
Potatoes, 798 2.1 9.9 2.9 .1 .1 .2 .7
Potato tops, nearly ripe, . 770 4.9 19.7 4.3 .4 6.4 3.3 1.6 1.3 1.1
Potato tops, unripe, . 825 6.3 16.5 4.4 .3 5.1 2.4 1.2 .8 .9
Tomatoes, 940 1.7 3.6 .3 .2 .4
Tobacco leaves, 180 34.8 140.7 40.7 4.5 50.7 10.4 6.6 8.5 9.4
Tobacco stalks, 180 24.6 64.7 28.2 6.6 12.4 .5 9.2 2.2 2.4
Tobacco stems,.... 106 22.9 140.7 64.6 3.4 38.9 12.3 6.0
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Fertilizing Constituents of Garden Crops— Concluded.
[Avcraire amounts in 1,000 parts of fresh or air-dry substance.]
2
3
"5
s
o
•
s *
S3
i
S K
20
o a
1c
1u
in
Oxide.
3
.
•.2
-j ~
e 3 i<
j>
-2
#<
blorine.
|
~- < - O a O
UmbellVtra: —
Carrot*, 850 2.2 8.2 ... 1.7 .9 .4 i.i .5 .4
•Carrot* 898 1.5 9.2 5.1 .6 .7 .2 .9
Carrot top*. 822 5.1 23.9 ... 7.9 .8 1.0 1.8 2.4
Carrot top*, dry, 98 31.3 125.2 48.8 20.9 6.7 6.1
I'arenipB 793 5.4 10.0 .4 .2 1.1 .6 1.9 .5 .4
"Parsnips, 803 2.2 6.2 .1 .9 .5 1.9
Celery, 841 2.4 17.6 7.6 2.3 1.0 2.2 1.0 2.8
Most of the forc«roin;r analyses were compiled from the tables of E.
WollV. Those marked * art' from analyst s made at the Massachusetts
Slate Agricultural Experiment Station, Amherst, Mass.
.7. Relative Proportions of Phosphoric Acid, Potassium
Oxide and Nitrogen in Fruit*,
Phosphoric
Acid.
Potassium
Oxide. Nitrogen.
Ericaccfr :—
•Cranberries, .... 1 3
•Cranberries, .... 1 3 4 2.6
RosarcK :—
Apples,
•Apples
•Peaches,
1 9 7 2.0
1 1 9 1.3
1 1 3
IVars 1 3 6 1.2
Strawberries, .... 1 1 4
•Strawberries 1 2 6
•Strawberry vines, 1 7
Cherries, ..... 1 3* 3
Hums 1 4 3
Saxifrarjaccft : —
-
•Currants, white, .... 1 9 8
•Currants, red,
. 1 9 1
Gooseberries, .... 1 1 9
Yittircr ;—
Grapes, 1 3. 6 1.2
( I rape seed, ..... 1 1. 2.7
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Relative Proportions of Phosphoric Acid, Potassium Oxide and
Nitrogen in Garden Crops.
1 hosplioric
Acid.
Potassium
Oxide. Nitrogen.
Chenopodiacece :—
Mangolds, 1 6.0 2.3
Mangolds, 1 4.2 2.1
Mangold leaves,
,
1 4.5 3.0
Sugar beets, .... 1 4.2 1 .8
* Su en r 1 k m 't ^ 1 4.8 2.2
Sin <rn tni">a I 2.3 1.7
Kll V-l W>pf l(MI\('v; 5.7 4.3
Sno'ii r-lioct seed 1 1.5
*Red beets, 1 4.1 3.3
Spinach, .....
* Spinach, . . ...
1
1 *T O 16. 1
1 19.2 6.8
Compositecv :—
Lettuce, 1 5.3 -
Lettuce 1 7.6 4.0
Head lettuce, .... 1 3.9 2.2
Roman lettuce 1 2.3 1.8
•Jerusalem artichoke, . 1 2.8 2.7
Convolvulacccc. • —
Swept, notato 1 4.6 3.0
Cruciferm:—
White turnips, .... 1 3.6 2.3
White turnips 1 3.9 1.8
White turnip leaves, . 1 3.1 3.3
* H ut a-ba <ras ..... 1 4.1 1.6
Snvov onbbjio'pV Yslv K/lv^ \J , .... 1.9 2.5
AVhite cabbage, .... 1 4^1 l!7
>V JHlt5 CtlUUil^t/, • • • « 1_L 1 1J. 1 . u I . D
Cauli (lower 1 2.3 2.5
Horse-radish 1 3.9 2.2
Radishes, 1 3.2 3.8
Kohlrabi, 1 1.6 1.8
fY)/p)i vlilf ft ppft 1 • -
Cucumbers, 1 2.0 1.3
Pumpkins, . • • • • 1 .6 .7
Graminece :—
Corn, whole plant, green, . 1 3.7 1.9
*Corn, whole plant, green, . 1 2.2 2.8
Corn kernels, .... 1 .6 2.8
*Corn kernels 1 .6 2.6
*Corn, whole ears, 1 .8 2.5
*Corn stover, i 4.4 3.7
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Relative Proportions of Phosphoric Acid, Potassium Oxide and
Nitrogen in Garden Crops— Concluded.
Phosphoric
Acid.
Potassium
Oxide. Nitrogen.
Leguminosrr : —
Hay of peas, cut green,
|
3.4 3.4
'Cow-pea (J^olidkos) i ... 3.1 2.9
•Small pea (Lathyrus si/lccstris), i 3.4 4!2
1* 1.2 4.3
i 2.8 4.0
(iartlcn beans (seed), . i 1.2 4.0
i 3.3 -
Lilum <r :—
Asparagus, i 1.3 3.6
( IbOMi 1.9 2.1
•Onion* . j 2.6
Solunan >r : —
i 3.6 2.1
•Potatoes i 4.1 3.0
Potato tops, nearly ripe, i 2.7 3.1
Potato tops, unripe, i 3.7 5.3
i 8.7 4.5
Tobacco leaves, .... 6.2 5.3
Tobacco stalks, ....
.
j
3.1 2.7
Tobacco stems, .... 10.7 3.8
I'm f» IHferm i—
Carrots, 2.7 2.0
*( arrote, 5.7 1.7
< nrrot tops, 2.9 5.1
•( 'arrot tops, dry, .... 8.0 5.1
Parsnips,
. 3.8 2.8
•Parsnips, 3.3 1.2
Celery, 3.5 1.1
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Animal excrements, 233
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Garden crops, 244
Insecticides, 249
Manurial substances, 229
Ankee grass, 41
Asparagus rust, 72
Aster, stem rot of, 61
Beans, effects of fertilizers on, .
.
. 199
Horse, 12, 38
Soy, • . . . . . . 9, 15
Begonia, leaf spot of, '
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Blackberry, late rust of, 74
Bordeaux mixture (dry), 53
Botanists, report of, 57
Bug death, 43
Bulletins (number and subject)
,
1887-97, 4
Cabbages, 9
Soil tests with, 13
Carbohydrates of plants and seeds, 90
Chemist, report of (fertilizers), 171
Chemist, report of (foods), 88
Chrysanthemum rust, 76
Clovers, 11
Alsike, 11, 29
Common red, 29
Crimson, 10, 11, 21, 28
Mammoth, 11, 29
Mixed forage crops v. clover, 184
Sulphate v. muriate of potash for, 31
Sweet 10,21,36
Corn, 9
Green manuring in culture of, 10, 20
Hill v. drill culture, 10, 19
Manure v. manure and potash as fertilizer, ....... 16
Soil tests with, 13
Special fertilizer v. fertilizer richer in potash, ...... 17
Sweet, effects of fertilizers on, 200
Cucumber, leaf blight of, ...71
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With ruminants, 158
With sheep, 135
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New laws regulating trade in, 215
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Field Experiments:
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Influence of fertilizers on garden crops, 195
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Observations with leguminous crops, 182
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Florida beggar weed, 41
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Iris pabularia, 41
Oats, 39
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Sorghum, 12, 40
Spurry, 41
Forage crops, mixed, r. clovers, 184
Fungiroid 12, 43
Oalactan, distribution of, 92
Orasscs, 35
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White mustard, 10,20
Hay caps, 12, 45
Horse bean, 12, 38
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India rubber plant, leaf spot on, 66
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Leaf spot (decorative plants), 62
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Effect of,
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Top-burn of,
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Manure v. manure and potash for corn 16
Maple leaves, wilt of, 81
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Millets, 11
For fodder, 32
For seed, 32
Under false names, 42
Variety tests, . . '. 33, 35
Nitragin, 177
Oats:
Oats and vetch, 185
Varieties of 30
Onions, effects of fertilizers on 198
Organization of station, 1
Pea:
Field pea, 36
Flat pea, 12, 36
Pentosans, phloroglucin method of estimation, 97
Phloroglucin method, 97
Phosphates v. superphosphates, 190
Phosphatic slag, 218
Pigs, Feeding Experiments with:
Digestibility of feed stuffs, 169
Oat feed v. corn meal 131
Rice meal v. corn meal, . 126
Plant disease, nature of r
Potash, Muriate of:
Action on lime resources of the soil, 220
Sulphate v. muriate for clover, 31
Potatoes :
Scab of, . . . . . 44
Varieties of, 10, 21
Poultry Experiments :
Composition of air-dry foods, 47
Cut-bone v. animal meal for egg-production, 49
Effect of condition powders on egg-production, 46, 48
Rations ;
Effect of narrow and wide, 100
Rose, black spot of, 70
Salt, action on lime resources of soil, 220
Seed testing, ... 55
Sheep, digestion experiments with, 135
Slag meal, 218
Soil tests, 12
"With cabbage, 13
With corn, 13
"With soy beans, ............ 15
With Swedish turnips, 15
Sorghum, 40
Soy beans, 9
Soil tests with, 15
Special corn fertilizer r. fertilizer richer in potash .17
Spraying crops 53
Steam spraying outfit, .54
Spurry, .41
Strawberry, bacterial disease of, . 59
Sulphate of iron as fertilizer, 42
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Sulphur in drill for scab, 12, 45
Swedish turnips, %
Roil tests with 15
Syinmes' hay caps, 12, 45
Tomatoes, effects of fertilizers on, 198
Mildew of, 75
Treasurer, rei>ort of, 7
White mustard in green manuring for corn, 10, 20
